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PAPERS 


FLOW WATER AROUND BENDS PIPES’ 


DAvip YARNELL?, AND NAGLER?, 
MEMBERS, AM. Soc. 


condensed form, this paper presents the more outstanding results 
series experiments the flow water around bends various shapes and 
various degrees curvature 6-in. pipes. Only the most salient points are 
discussed. These experiments are believed unique that, with the same 
quantity flow, the effect the loss head resulting from unequal velocity 
distribution the pipe approaching the bend was fully investigated. 

The experiments show: (1) That possible have conditions such that 
the resistance flow may very small unusually large the same pipe 
bend carrying identical quantities water; (2) that standard 90°, 6-in. 
pipe bend, for the same quantity flow, with high velocity the inside, and 
low velocity the outside, the approach pipe, the loss head may four 
times much would measured the same bend when high velocity 
exists the outside, and low velocity the inside, the tangent leading 
the bend; (3) that present formulas for computing loss head due bends 
appear apply only cases which approximately uniform velocity dis- 
tribution exists the approach pipe; (4) that the losses head the bends 
experimented upon appear vary the square the velocity, and not the 
2.25 power suggested some writers; (5) that pipe bend may 
useful any other device for the measurement discharge; (6) that the 
direction flow the secondary currents pipe bends depends entirely 
upon the velocity distribution the approach pipe; and (7) that the same 
fundamental laws flow through bends apply both closed conduits and 
open channels. 


the Joint Meeting of, the Power Division the Society and the 
Hydraulics Division the American Society Mechanical Engineers the Annual Con- 


vention, Chicago, June 29, 1933. Discussion this paper will closed 
November, 1934 Proceedings. 


*Senior Drainage Engr., Bureau Agri. Eng., Dept. Agriculture, Iowa City, 
owa. 


Prof. Hydr. Eng., Univ. Iowa, Iowa City, Iowa. Professor Nagler died 
November 10, 1933. 
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INTRODUCTION 


The constant efforts designers pumping plants and hydro-electric 
plants increase the efficiencies their operation requires 
search hydraulics. Any change design that may reduce the loss head 
the pipes and bends means ‘increased efficiency. bend acts obstruc- 
tion flow, causing additional loss head the case both open and 
closed conduits. Certain types bends cause internal changes velocity 
such extent that the efficiency the bends and down-stream channels 
hydraulic conduits considerably reduced. rule, disturbed flow means 
inefficient flow, and the maximum usefulness the entire cross-section the 
channel not realized. 

The studies have developed new data velocity and pressure changes 
bends and the tangents adjacent. The data will useful designers 
new plants and engineers engaged making plant-efficiency tests, because 
they show the effects that may expected when piezometric connections are 
made different points conduit. The data also demonstrate the neces- 
sity taking into consideration the disturbing effects conduit bends upon 
the performance the down-stream tangents. Such conditions are often 
encountered penstocks and spiral casings approaching water turbines 
well draft-tube conduits the elbow type. 

Available manuscripts show that hydraulic research bends has engaged 
the attention engineers for more than 150 years. Apparently, the first tests 
were made about 1786. These tests were pipes in. and in. 
diameter. Numerous other investigators conducted experiments pipe 
bends during the succeeding years. One the first discussions flow 
water open-channel bends was written James Thomson, England, 
1876.° The first field experiments open-channel bends appear have been 
made the Dnieper River, Kiev, Russia, 1892. 

The investigations described herein were undertaken for the purpose 
determining the laws governing the changes pressure and velocity dif- 
ferent parts the flowing stream, the moving water undergoes the transi- 
tion from motion along straight path motion around curve, and, again, 
undergoes the opposite transition back final straight-line motion. 
This condition transitional flow also may considered representative 
what always occurs whenever water flows bend crooked channel, 
whenever meets bridge pier other form obstruction. knowledge 
these laws fundamental understanding the effects, harmful 
otherwise, crooked and obstructed channels the flow water, and 
determination the best means for alleviating relieving any objectionable 
troublesome effects. 

novel feature the investigation was the use transparent material 
for the walls the testing channel. This type construction enabled the 


Proceedings, Royal Soc. London, May 1876. 


Streams and the Formation Stream Beds,” Leliavski, Sixth 
International Congress Internal Navigation, The Hague, The Netherlands, 1894. 


‘ 
Hydraulique,” par Buat, Paris, 1786, Pt. pp. 141-151. 
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observation the direction secondary currents means threads, color, 
and floats that could readily seen and photographed through the exterior 
walls the conduit. 


LABORATORY INVESTIGATIONS 


The first tests were made 180° bend square cross-section, 
in., with 5-in. inner radius. This shape was tried first because seemed 
easier build transparent material, and because the convenience 
dividing the channel into elementary strips for studying flow conditions. The 
approach tangent was long and the discharge tangent, ft. The bend 
and the two tangents adjacent were made transparent celluloid. 
Velocity traverses were made eight different sections the bend and 
eleven sections the two tangents. each test velocities were taken 
more than 800 different points for each quantity flow. Pressures were 
measured 296 different points. About man-hr were required get all 
the measurements for single test. 

Tests were next made 180° bends rectangular cross-section, in. 
wide in. deep. One bend had 5-in. and the other, 10-in., inner 
radius. Tests were made the bends flowing full and partly full, and with 
both uniform and non-uniform velocity distribution the channel approach- 
ing the bend. 

The next set experiments was made bends circular cross-section, 
in. diameter. The bend (standard elbows with inner radius), 
approach, and discharge tangents were made transparent celluloid. Tests 
were made 180° bend continuous one direction (Fig. 1), standard 


180° LULOID BENDS TESTED. 


90° ell, abrupt 90° elbow, 180° reserve curve bend, and 270° bend made 
three 90° bends all horizontal plane, but twice reversing the direc- 
tion curvature. The approach and discharge tangents were each long. 

Bends irregular cross-section were also included the experiments. 
These bends included the hyperbolic and elliptical shapes well circular 
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bend with varying radius curvature. Fig. shows the front, side, and rear 
views four specimens. The one right standard elbow and the 
other three are special designs made Charles Mockmore, Am. Soc. 
E., for studies draft-tubes. 

Velocity measurements were taken seven different points each 
four diameters each section. There were nine velocity sections each 
the approach and discharge tangents, addition velocity traverses 
intervals 22°.5 the bend. For each quantity flow, velocities were 
taken 200 different points, and pressure readings were taken about 230 
different points, the bend and the tangents. 

Velocity and pressure measurements were recorded for various flows 
pipe with normal uniform distribution velocity the approach tangent. 


series tests having non-uniform velocities approaching the bend was also 


made. These tests consisted high velocity one side and low velocity 
the opposite side the pipe. test was then made with the high 
velocity the top the pipe. Next, this high velocity was created the in- 
side the pipe, then the bottom the pipe, and, finally, outside the 
pipe. 

impractical present, limited space, all the data obtained the 
investigation. 


When water flows straight conduit channel, the transverse water- 
surface profile presumably straight level line. curve bend, due 
centrifugal force, the transverse water-surface profile cannot level. 
Water naturally moves straight line unless deflected the action 
some unbalanced force. When water moves around bend, unbalanced 
force directed toward the center curvature acts against the 

the water approaches the bend, the filaments flow along the inside 
the bend speed because the grade steeper, the distance around the 
bend being less along its inner radius than along its outer radius. Thus, 
the filaments next the inside the bend have greater velocity than those 
along the outside. Neglecting friction, the total energy any filament 
constant; therefore, the greater the velocity along the inner radius, the lower 
the pressure will be. the water moves around the bend, the centrifugal 
force the filaments water will balanced the radial difference 
pressure. 

That this condition exists may seen Fig. which shows the velocity 
and pressure conditions 180° bend. Section 0°, the beginning 
the bend, the filaments flow the inside, have already acquired velocity 
considerably greater than that along the outside, the bend. The greatest 
velocity occurs point next the inside wall, approximately midway 
around the bend. The thread maximum velocity the channel gradually 
moves the outside the bend the water travels around, may seen 
Section Fig. given discharge, the sharper the radius 
curvature the greater the velocity along the inner radius. 
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The velocity distribution circular conduit bends similar that 
bends with channels either square rectangular cross-section. The 
velocity 6-in., 90° bend shown Fig. Attention called 
the shifting the high velocity from the inside the outside the end the 
bend. The typical section, Fig. shows the location piezometer con- 
nections and Pitot tube readings. 


CHANGES WITHIN THE BEND 


When stream water meets obstruction that diverts the various 
particles water from motion along straight line motion curved 
path, the speed the particles water must changed unequal amounts; 
that is, the velocity some parts the water must increased and that 
other parts must decreased. Accompanying these changes velocity are 
related changes pressure. 

The pressures against the top and bottom the rectangular channels 
flowing full are shown Fig. circles connected solid lines. Since 
flow around bends follows the law free vortex motion, the transverse pres- 
sure profile convex upward, and has the greatest slope the convex 
inner bank and the flattest slope the concave outer bank. will 
noted that the water moves around the bend the pressure greatest near 
the outer side the bend and much lower along the inner side. This 
condition was true even when the channels were flowing only partly full. 

The peripheral pressures various sections around bends square and 
rectangular cross-sections are very enlightening. pressures were 
measured Sections 1.0 ft, 0°, 45°, 90°, 180°, and 1.0 the 
10-in. 180° bend. Pressures were measured twenty-two different 
points the periphery for various quantities flow, seven each the 
outside and inside walls, three the bottom, and five the top. 

will noted that the pressure, measured above the channel bottom, 
uniform the four walls the conduit the approach channel the 
bend (Section 1.0 (Fig. 5)). the water moves around the bend 
the pressures the inside wall the bend decrease, shown Sections 45°, 
90°, and 180° (Fig. 5). The pressure against the outside wall the 
bend any one section practically uniform. 

When non-uniform velocities prevail the channel approaching the bend, 
the periphery pressures within the bend become much more irregular, may 
seen Fig. this case the bend was in. wide in. deep, with 
5-in. inner radius. Attention called the large differences periphery 
pressure the 45° section, shown comparing Figs. and 

The pressure distribution circular conduit bends similar that 
bends either square rectangular cross-section (see Figs. and 4). 

The pressure differences between the inner and outer sides 90° bend 
6-in. pipe, horizontal diameters, are shown Fig. differ- 
ences are shown for five different conditions velocity distribution the 
approach pipe the bend, for mean velocity per sec. Tests show 
that, for given velocity distribution approaching the bend, there marked 
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similarity pressure differences near the beginning the bend, regardless 
the degree curvature. bends square and rectangular cross-section, 
the longitudinal pressure curves are similar those obtained with circular 
pipe bends. 

Differences pressure between the inside and outside pipe bends may 
exceed several feet water column even with ordinary velocities. With 
mean velocity per sec 6-in. pipe, 90° elbow caused difference 
about water column, but the addition another 90° elbow did not 
increase this difference. 6-in., abrupt 90° ell gave difference more 
than ft, with mean velocity per sec. 

Knowledge these differences pressure bends importance 
engineers engaged pump efficiency tests, particularly plants which 
gauge readings the suction and discharge pipes are used determine the 
total head pumped against. gauge must attached bend, 
desirable have four connections made right angles each 
other and common manifold which the gauge attached. 


The loss head caused pipe bend depends several factors, very 
important one which the kind velocity distribution that occurs the 
pipe approaching the bend. possible have such conditions flow that 
the loss head may very little unusually large the same bend for 
identical discharges. Fig. {a) shows the losses 45°, and Fig. (b), the 
losses 90°, bends 6-in. pipe for different velocity distributions the pipe 
approaching the bend, with quantity flow giving mean velocity 8.3 
per sec. This unequal velocity distribution was created special 
placed stream from the beginning the bend. The obstruc- 
tion gave low velocity about per sec, and high velocity per 
see, the beginning the bend. 

With the velocity the approach pipe high toward the inner side, and 
low toward the outer side, the bend, the loss head may two four 
times much would measured the same bend with uniform velocity 
distribution existing the approach pipe. the other hand, with the 
approach velocity high toward the outer, and low toward the inner, side 
the bend, the loss head may less than that caused the same bend 
when uniform velocity distribution prevails the approach tangent. With 
high velocity either the bottom the top the approach, the loss 
head caused bend considerably more than would occur uniform 
velocity distribution prevailed the approach tangent. 

The data obtained show that the present formulas for computing loss 
head bends apply when uniform velocity distribution exists the pipe 
approaching the bend. 

The loss 45° bend (see Fig (a)) about three-fourths that 90° 
bend (Fig. (b)) the same radius. The loss 90° abrupt elbow 


about 1.2 times the velocity head, about 7.5 times that standard 90° 
elbow. 
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BENDS 


Secondary currents within the bend are caused the difference the 
centrifugal forces the filaments varying velocity; that is, transverse flow 
occurs pipe channel bend addition the forward motion the 
fluid. These induced, secondary, currents usually originate that section 
the pipe next the top and bottom and gradually increase strength and 
intensity the water moves around the bend. 

The types secondary currents that prevail bend depend the 
velocity distribution the approach tangent. The unequal pressures against 
the inside wall the 180° bend square section (Sections 135° and 180° 
(Fig. 5)), are caused the secondary currents set within the bend. 
high velocity occurs the top, and low velocity the bottom, the 
approach channel, the secondary current will have counterclockwise motion, 
viewed looking down stream, conduit that bends the right; the 
high velocity the bottom the approach channel, the direction 
the secondary current will clockwise. uniform velocity distribution 
exists the approach pipe, two secondary currents will set the bend, 
one clockwise the upper portion and the other clockwise the lower 
portion, the cross-section. Fig. the yarns next the outside wall 


Outside Wall 


Distance from Outside Wall Bend Inches 


Fic. 


diverge, while those next the inside wall converge. Secondary currents 
exist also open-channel bends, but usually there only one, even with 
uniform velocity distribution the channel approaching the bend. 

The loss head bends due primarily two causes: (1) Skin fric- 
tion the forward flowing water against the walls the pipe; and (2), 
internal friction the induced secondary currents within and following 
the bend. The strength the secondary currents bends greater 
wide channels than narrow channels. the practice using blade 
turns 90° elbows and guide-vanes quarter-turn draft-tubes greatly in- 
creases the efficiency these bends, due reduction the magnitude the 
secondary currents. 

general, the greater the velocity, the more pronounced will the 
secondary currents bends, and any means devised reduce these currents 
and create greater “effective area” forward flow will reduce the energy 
loss and hence improve the efficiency. 


4 
‘4 
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would appear that advantage might taken the differences pres- 
sure between the outside and the inside pipe bend, and that the bend 
could used flow meter. The difference pressure between the inside 
and outside bend may fully large as, even larger than, that pro- 
duced Venturi meter Pitot tube and, those other measuring 
devices, varies with the second power the velocity. The experiments 
that the errors likely involved are greater than those ex- 
perienced these other devices. Each bend, however, should receive indi- 
vidual calibration where great accuracy desired. 

can readily proved that the difference elevation the water 
surface between the two sides the bend equal to: 


which, the mean velocity the section; the width that section; 
the acceleration due gravity; and the mean radius. 
72 


The formula, ean written for all pipe bends, follows: 


which, coefficient depending the kind pipe. The tests with 
6-in. celluloid pipe gave value about 0.91 for the 90° bend and few 
tests with 6-in. cast-iron pipe also gave value about 0.91 for the 
standard 90° elbow. The pressure difference the celluloid pipe was taken 
22°.5, and the pipe, 21°.5, from the beginning the bend. 
would appear that Equation (2) would give very close results determining 
the quantity flow. Further tests will made bends ascertain the 
variation the coefficient with the variation position measuring 
the pressure difference. 


Equation (2), simplified for single pipe bend, may written as: 


which, the velocity head the pipe, and c’, constant. For the 
celluloid 90° bend, taking the difference pressure section 22°.5 from 
the beginning the bend, was found For the 6-in., 90°, cast- 
iron bend, was 1.17, with the difference pressure measured (of necessity) 
21°.5 from the beginning the bend. 

When unequal velocity distribution prevails the approach channel the 
bend, the best results probably would obtained measuring the pressure 
differences the 45° point from the beginning the bend, although further 
tests are needed verify this point. For this condition the variation 
may somewhat greater, particularly when high velocities prevail the 
inside the approach pipe the bend unless the particular bend question 
calibrated. 
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Studies the energy losses pipe bends have resulted the development 
several new types bends. pipe bends carrying water, comparatively 
little has been done suggesting changes shape reduce the loss head. 
Lack effort this direction has been due mainly the fact that such 
pipes the velocity flow not always high. pumping plants and similar 
units, long-radius elbows uniform section tapered reducing sections 
frequently are used. would appear that some effort might profitably 
expended investigating and experimenting various shapes elbows. 

Many shapes bends are suggested, but only tests can show their good 
their bad qualities. Some have suggested bends the hyperbolic type, 
while still others have devised bends elliptical shape that the difference 
velocities between the inside and the outside the bend will com- 
paratively small. The difference velocity helps start secondary currents 
and the resultant inefficient flow. new type radius for bend also has 
been suggested (see Fig. 3), which the length the radius the point 
tangency infinite and decreases until, midway around the bend, 
becomes minimum, equal the radius the regular bend. The shape 
the last half the bend similar that the first half. 

The special bends shown Fig. are little better than the standard 90° 
bend tested, far loss head concerned. Due lack funds, 
was impossible test other special shapes. 


CoNCLUSIONS 


The following conclusions have been drawn, based the data thus far 
collected the investigations: 


(1) All bends act obstructions flow, resulting additional loss 
head. 

(2) With uniform velocity distribution the approach channel the 
bend, the velocities the filaments along the inside wall the are 
increased while those along the outside wall are reduced. 

(3) For given pipe bend and quantity flow, the head lost the bend 
depends upon the velocity distribution the approach tangent. 

(4) standard 90°, 6-in. pipe bend, for the same quantity flow, with 
high velocity the inside and low velocity the outside the approach 
pipe the bend, the loss head may four times much would occur 
the same bend when high velocity occurs the outside and low velocity 
the inside the tangent leading the 

(5) Knowing the maximum difference pressure between the inside and 
the outside the bend, and the radius and size the bend, possible 
compute the mean velocity the pipe, and, therefore, the discharge. 

(6) After pipe bend has been may used flow meter 
and discharges may determined measuring the difference 
between the inside and outside the bend. 


: 
‘ 
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(7) The losses the pipe bends experimented upon appear vary the 
square the velocity and not the 2.25 power suggested some writers. 


(8) The fundamental laws that apply closed conduit bends, also apply 
open channel bends. 
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FOREWORD 


July, 1930, Division Committee Manuals was re-organized and the 
general subject City Planning Manual was discussed Division meet- 
ing Cleveland, Ohio. was decided that there should series com- 
mittees study and report the various subjects involved such manual 
and was agreed that the first report completed should deal with Street 
Thoroughfares. 

Committee Street Thoroughfares Manual was created the Execu- 
tive Committee the City Planning Division January 22, 1931. The 
Committee began active work the spring that year and developed 
program produce definite results within reasonable time. progress 
report the Committee was presented the meeting Tacoma, Wash., 
July, 1931, and bibliography and definitions. this same meet- 
ing papers were also presented allied subjects; that is, “Population Density 
Related Roadway Area,” “By-Passing Traffic Around Small Towns,” and 
Highway Efficiency.” 

Since this date the Committee has been actively engaged the preparation 
this Symposium. Its purpose suggest methods identifying street 
thoroughfares according their use and capacity and outlining their 
design according the best well-defined trends the present day. 

The word, “thoroughfare,” may given the broadest possible interpreta- 
tion all words meaning place for the movement commodities and 
people. 

1386, Chaucer wrote: “The world nothing but thoroughfare”, and 
Shakespeare’s “Henry the VIII” (1540), found “Chauncerie Lane 
and Pewter Lane being thoroughfares and passages from Fleet St. into Hol- 
borne.” “Country Justices” (1630) states: “In towns which are not 
thoroughfares the justices shall sparing allowing any ale-houses,” and 
Cooke’s “Voyages the South Seas” (1712): “There thoroughfare 
the midst where rode with our ships.” Emerson‘s “English 
Traits” (1856), the expression: “They have made the island thoroughfare 
and London shop inviting strangers” and, quoting from the Westminster 
Gazette June, 1908: “How seldom must these ancient walled villages com- 
municate with the thoroughfare valleys.” 

street thoroughfare, therefore, way through street open both 
ends, through which there much passing. The place the street thorough- 
fare the city plan structure the most important. affords accessibility 
land and makes usable. definite part the traffic network 
State, region, city. drains the down-town district vehicles quickly 
the close the business day after the theatre. the avenue con- 
necting the home districts with the business district. the driveway 
through parks park reservations—a thoroughfare for recreation and 


1Member, State Planning Board; Managing Director and Engr., The City Planning 
Board, St. Paul, Minn. 
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pleasure. the street over which commodities and people are moved. 
makes living agreeable and business possible. 

The street thoroughfare created the necessity travel between 
terminals. determines the uses land along its course. forms the 
pattern that moulds the city. lies between the origin and destination 
traffic. right way for tree planting—a thoroughfare glorified 
right way for subterranean underground utilities. 
Street thoroughfares dominate the city plan determining the controlling 
major minor traffic movements. The conflicting demands “access 
property” and “continuous traffic movements” are supplied it. the 
plus ultra for ground movements. connects terminals and, the same 
time, serves abutting property. creates the mosaic city, region, 
State, and becomes the radial, the boundary, the axis planned and zoned 
areas. 

The many miles frontages along street thoroughfares both urban and 
suburban territory present peculiar.and difficult problems planning their 
use. The passing traffic increasingly character that requires service 
from abutting property between terminals, leaving much land valueless for 
speculative ventures business serving traveling public. suburban areas 
the land retaining its agricultural use enhanced value only the 
shortening time market, and reduced value excessive traffic and 
traffic hazards. 

the principal use land urban areas for streets, parks, and 
building sites, the location street thoroughfares their proper relation 
each other and building sites and open spaces the first element city 
planning. The street thoroughfare includes all until further 
defined and restricted—the lane, the avenue, the mercantile street, the boule- 
vard, the express-way, 

hoped that this Symposium will assist clarifying some loose 
thought and discourage careless writing through the specifications set 
it, creating terminology that may used all city planners. 


; 
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DEFINITIONS, GENERAL PRINCIPLES, 
AND RECOMMENDATIONS 


REPORT THE COMMITTEE THE CITY PLANNING 
DIVISION STREET THOROUGHFARES MANUAL 


The Committee Street Thoroughfares Manual, appointed January 
22, 1931, herewith submits the following report which has quite thor- 
oughly considered relatively new subject. After the results have become 
more generally known and discussed, and after some future developments 
have occurred street-thoroughfare practices, further reconsideration 
the subject may productive more valuable and specific conclusions. 

The work the present Committee—widely scattered its membership— 
has had conducted entirely correspondence. However, sending, 
contemporaneously, copies all texts each member, all decisions have been 
made equally advised membership, and finally have been unanimous. 
Except for the individual papers, the report text that the Committee 
whole. 

illustrate the operations the Committee, the following outline may 
given: After acceptances membership the Committee had been 
secured, suggestions its objectives were obtained from Messrs. Harold 
Lewis, Secretary the City Planning Division, and George Herrold, 
Division Sponsor for the Committee. Pursuant thereto, Jacob Crane, 
Jay Downer, Horner, and Daniel Turner, Members, Am. Soc. E., 
were requested prepare their respective papers and define certain terms. 
The Chairman, receipt these responses, collated the definitions and re- 
submitted them with some others for discussion. John Hallihan, Am. 
E., was added the Committee membership August, 1931, and 
his paper was received soon after the request then made for it. also 
contributed valuable suggestions for definitions. 

The discussion concerning the definitions was prolonged and has now 
finally resulted the expressions given. 

Progress reports were submitted the meetings Tacoma, Wash., 
July, 1931, and St. Louis, Mo., October, 1931. During 1932, the corre- 
spondence concerning definitions, papers, and other Committee affairs was 
continued. 

January, 1933, the Chairman submitted the members the Com- 
mittee (with copies Chairman Noyes, Mr. Herrold, and Secretary Lewis) 
tentative draft the Summary and Conclusions, abstracted mainly from 
the papers the members and the correspondence the Committee. Dis- 
cussion again followed until full accord was reached, submitted. 


Engr., Coronado, Calif. 


The Committee proposes the following definitions terms used its 
report order that its meanings may clear. The general adoption 
these terms and definitions recommended the interests clarity and 
brevity. 


DEFINITIONS 


street less than three traffic lanes width, usually the rear 
building lots, and designed for local service only. 


Avenue.—See Road Street. 


important street extraordinary width (not less than 120 
wide), with ample provisions for shade trees ornamental planting. 
boulevard not intended for trucking but readily available and attractive 
pleasure traffic, and adjacent property that may peculiarly adapted 
furnishing imposing settings for public buildings for the highest type 
private residences. its design ample generous provisions are made for 
pedestrians, for restful recreation, contemplation, and for ornamentation. 


By-Pass Road road route providing for the passage 
through traffic around, instead through, locality. 


Freeway.—A highway which there vehicular access from 
properties. 


Highway.—The entire right way devoted public travel, including the 
sidewalks and other public 


Arterial Highway: highway for vehicular traffic that main 
channel, with many tributaries, and the roadway which 
traffic frequency, not less than four traffic lanes 
wide. 

Express Highway: highway having express roadway. 

Express Roadway: roadway for fast minimum-stop traffic, with 
separated opposite-direction free-traffic lanes, and without grade 
crossings. 

Express Traffic: Non-stop, fast traffic with distantly separated origin 
and destination. 

Expressway: highway for express traffic exclusively. 

Major Highway: highway forming essential part highway 
system for region, such State, and the right way 
which not less than 100 wide. 

Secondary Highway: (1) highway with right way less than 
100 wide, tributary to, parallel with, and less importance 
than, major highway; (2) highway with right way less 
than 100 wide. 

Super-Highway: highway accommodate mass passenger trans- 
portation rails, addition all other highway functions, 
local service abutting properties. 


narrow secondary highway. strip roadway passed over 
successive vehicles traveling the same direction, including its width 
excess both sides for the clearance passed vehicles. 

Loading Lane: The strip roadway reserved, customarily used 
for, the loading vehicles. 


Transactions, Soc. E., Vol. LXXXII (1918), 1425. 
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Parking Lane: The strip roadway reserved, customarily used 
for, the parking vehicles. 

Standing Lane: The strip roadway reserved, customarily used 
for, standing vehicles. 

Free Traffic Lane: lane traffic not used for loading, parking, 
standing, nor containing street railway tracks, along which 
may proceed one direction freely and without interruption, 
except traffic signals and the usual requirements safety. 


Parking.—The standing vehicles, attended not, for any purpose except 
the observation traffic regulation, congestion, signals. 


thoroughfare, with right way normally not less than 
300 wide, planted with trees other decorative growth, where vehicular 
access abutting properties precluded except supplementary roadways 
connecting with that the parkway widely separated intervals; and where 
grade crossings with main intersecting highways are eliminated. 


short parkway, extraordinarily ornamented plantations, 
and where parking spaces for the enjoyment the views are provided for 
pleasure vehicles. narrow park which houses face, the street vehicular 
approach the house being the rear. 


Planting strip area the highway set aside for grass, 
trees, shrubs, flowers, statuary, and other ornamentation. (Sometimes, re- 
grettably and confusingly, the planting space still referred 


Road.—A highway outside urban This term sometimes 
used designate meandering street discordant with the general street plan. 


Roadway.—That part the highway particularly devoted the use 
vehicles.* 


Heavy Traffic Street: street carrying more than the average traffic 
per square yard roadway. 
Major Residential Street: street through purely residential dis- 
residential streets the district; serves the district 
contrast serving merely the block unit; and 
usually requires roadway width not less than three traffic 
lanes. 
Mercantile Street: street devoted local commerce. 


Street street carrying through traffic from and other 
than the abutting properties. 
movement goods and persons the highways. 


Fast Traffic: Motor traffic proceeding continuously speeds greater 

than miles per hr. 

Heavy Traffic: Traffic more than the average per square yard 
roadway, with consideration both the number and the weights 

the traffic unit. 


Transactions, Am. Soc. Vol. LXXXII (1918), 1426. 
Loc, cit., 1428. 
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GENERAL SUMMARY 


There general recognition the fundamental necessity for street 
thoroughfares. fairly widespread agreement also apparent that the 
ordinary development such arteries has been, and is, insufficient 
even when regard for the morrow taken into consideration. also 
evident that, unless more frequent advance planning for street thoroughfares 
established, the accidental development ordinary streets into street 
thoroughfares will continue the disadvantage traffic and with the de- 
terioration the adjacent property. 

Furthermore, seems that most city planners and those others more 
less actually informed such matters quite well agree that the methods 
providing street thoroughfares simply widening the existing streets 
laying out new streets extraordinary width, sometimes not provide the 
desired results except temporarily. then such results are thus had 
may be: (1) Extravagant, that they require tremendous expenditures pro- 
(2) insufficient, the extent that more width and additional 
traffic lanes not properly move traffic; (3) often destructive values 
the abutting property that, such property residential, may become 
less desirable, and mercantile, may hampered the increased width 
the thoroughfare. 

some cases, mercantile property may even cut off from direct access 
the thoroughfare. The results widening existing streets may aban- 
doned despair later, when officials charge recognize the impossibility 
further development and that express highways other locations will have 
provided meet the needs for the actual movement traffic. 

While each ease calls for its individual solution, certain principles seem 
underlie all the problems. The effort the Committee has been discover 
these principles, suggest them this report, and, least, make 
beginning toward the desirable end general recognition and the ultimate 
development these fundamentals. 


PRINCIPLES 


Some the “Principles” unanimously agreed the Committee may 
stated, follows: 


Necessity for Street Thoroughfares.— 


1.—Street thoroughfares are needed for: Mass movements general 
with minimum congestion and maximum speed and safety 
for the entire mass, exemplified major highways and adjacent 
business district; (b) certain extra speedy traffic, with minimum danger; 
for this type, express highways are indicated; (c) certain leisurely traffic, 
with maximum safety and pleasure that traffic 
boulevards and parkways; and (d) all the traffic likely use the highway, in- 
cluding the local traffic well the through traffic, with minimum dan- 
ger congestion and maximum safety and convenience all, the 
case major highways, super-highways. 


7 


806 REPORT COMMITTEE STREET THOROUGHFARES MANUAL Papers 


Segregation Opposing Traffic and Traffic Lanes.— 

2.—To accomplish the ends mentioned under Principle may often 
necessary segregate the classes traffic and provide separate kinds 
thoroughfares under different circumstances. 

3.—The segregation traffic may even extended the physical separa- 
tion vehicular traffic lanes (by planting space) two-way thorough- 
fare; the establishment one-way thoroughfares, and the abolition 
grade crossings where cannot cared for satisfactorily 
rotary similar intersections. 

strips expressways may effectually narrow 
width order that sufficient the total width the right way 
may devoted the protection the highway both sides the double 
roadway. Where, however, sufficiently wide right way will permit, 
wider separating strip may desirable; and, where vehicular passage from 
one roadway the other permitted, the separating strip should 
preferably much wide, order that the turning radius for 
the vehicle may practicable and that the left-turning vehicle may come 
stop out the traffic before entering the opposite main traffic lane. 

5.—For express highways carrying traffic both directions, the opposing 
traffic should physically separated (by planting otherwise) and each 
roadway should not less than two, preferably three, and not more than 
four, traffic lanes. 

6.—A maximum three lanes for moving vehicles usually best for 
one-way roadway. 

segregation and separate provision, not matter present 
need, should contemplated possibility the future. possible, this 
should provided for through the early acquisition the width right 
way ultimately desirable, and then the progressive gradual changes that 
may prove feasible they become necessary. 

complete segregation pedestrian even street 
railway traffic also—from the vehicular traffic street thoroughfares may 
warranted some cases. 


Parking and Side Roads.— 


standing vehicles should contemplated allowed contiguous 
the lanes for moving vehicles along street thoroughfare Any parking, 
even momentary, for service adjacent property for rest recreation, 
should provided for service roadway parking spaces off the 
thoroughfare roadway itself. 

10.—Ingress and egress for such service roadways parking spaces should 
provided interfere the minimum degree with traffic along the 
thoroughfare. 


Location Street Thoroughfares.— 


11.—In considering the selection location street thoroughfares, recog- 
nition should accorded the possibility satisfactory low-grade routes 
parallel with stream channels. Such thoroughfares could developed 
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connection with the preservation and landscaping the drainage ways, and 
would assume parkway characteristics some extent. Furthermore, the 
topography that suggests location for canal flume between two points 
will indicate even more strongly route for heavy traffic highway. 

There are many other advantages utilizing for thoroughfares, land along 
watercourse, and proper regional planning should provide system 
thoroughfares bordering reserved natural drainage ways. 

12.—The highest function street thoroughfare supplement other 
traffic routes and thus provide for satisfactory transportation not other- 
wise obtainable. This function may not the only one demanded 
street thoroughfare, but the optimum results will had when that function 
not subordinated to, seriously interfered with, others. 

highways users enjoy pleasing surroundings and, other things 
being equal, will tend congregate the more pleasant thoroughfares. 

14.— Inadequate traffic solutions result only impasses such are every- 
where found cities that now realize they have more than they 
pay for relieve their situations. Careful consideration the 
relationship between practicable street thoroughfares and other arteries 
transportation, with the highest kind trained pre-vision such matters, 
necessary prevent constant repetition such inadequate solutions. 
and By-Passes.— 


15.—Where traffic across freeway must provided for grade, pos- 
sible solution that “staggering” the inlets and exits the cross-ways 
that, effect, the conflicting traffic streams may merged between the 
entrance and departure these cross-streams, the principles rotary 
“traffic circle” intersection. 

16.—By-pass highways should retain the traffic capacities the main 
routes which they form part. 


Costs.— 


division right-of-way costs for street thoroughfares among 
abutting properties, local and foreign traffic interests, the community, and 
other beneficiaries intricate matter and especially one affected 
the peculiarities each case, that only one conclusion concerning this division 
can attempted herein, namely, that this right-of-way cost should con- 
sidered separately from the construction costs assessing benefits and dam- 
ages, otherwise providing funds meet it. 

18.—The cost constructing street thoroughfares should seldom ever 
met the abutting properties alone, but should largely, not entirely, 
provided directly indirectly from the other-than-local traffic interests. 

The minimum fraction this cost should borne the abutting prop- 
erty when the access this property the thoroughfare most restricted. 
The maximum fraction assumed the abutting property will when 
side “service” roadways supplement the freeway the thoroughfare 
enable the abutting property share fully the benefits the latter. this 
case that maximum fraction will include the costs these service roadways 
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the extent that the portion borne others will cover the extra cost the 
thoroughfare whole over and above that normal highway not 
street thoroughfare. 


Co-Ordination Street Thoroughfares the Traffic 


19.—Selection the types thoroughfares best fitted serve the purposes 
any particular community area largely affected the topography, 
the character the existing development, the existing street and road system 
within and contiguous the developed area, the necessity providing for 
future economies construction public transit facilities, and the protec- 
tion industrial well residential territory. 

The proper inter-relation all these factors pre-supposes general plan 
covering the future metropolitan area, with legislation and resources adequate 
insure its execution under continued administrative authority. Acquisi- 
tion space for future thoroughfares advance need, when space 


attainable economically, primary necessity, achievable only under the 


authority official plan. 

20.—Ordinarily, streets are for the use all persons. Property the 
street has the right access; vehicles operating the street have the right 
come the curb pick discharge passengers goods. Vehicles 
using the street for purposes public transportation, operating under fran- 
chise, have the right the unimpeded progress their patrons from the 
sidewalk their vehicles points where stops are established. The pedestrian 
who may one moment crossing the street merely get the other side, 
and another moment boarding leaving public transit vehicle, has 
the right complete protection such movements. All these rights may 
exercised freely, but only the point where they interfere with the rights 
safety others. insure that none these rights may exercised unduly 
and that the optimum welfare all may secured, the city may impose con- 
trols through its police power, otherwise. may regulate the size, weight, 
character, and speed vehicular traffic; well the stopping vehicles 
the roadway. may limit the movement pedestrians animals; and 
even, the case thoroughfares, for example, may deny the abutting 
properties access, except special provisions construction outside the 
thoroughfare roadways. 


These facts have important bearing the design street thorough- 
fares and the distribution and co-ordination such thoroughfares 
general city regional plan. 


RECOMMENDATION 


suggested the foregoing principles, the Committee believes that 
new type street for automobiles now needed some cases, and will soon 
needed generally. That type may illustrated the railway with its 
right way closed access from the sides, and with the important crossings, 
least, not grade. 

Such type street would offer solution many the problems now 
due connected with modern which are not solved satisfactorily 
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all other means yet tried. many cases, existing laws customs seem 
prevent the development ordinary highway right way into freeway, 
and that development might impossible any case which the power 
eminent domain the State was not involved. 

Therefore, this Committee recommends that city, county, other sub- 
division State, this matter legalizing the creation and maintenance 
freeways addition highways, given serious consideration, and that 
study made the end that city and regional planners and authorities 
may make proper provision, when desirable, for such thoroughfares. 


the Committee Street Thoroughfares Manual, 


Chairman, 

Jay 

Horner, 

Sponsor. 
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RELATION STREET THOROUGHFARES 
OTHER ARTERIES TRANSPORTATION 


The term, “artery transportation,” graphic, but the analogy the 
arteries the human body not quite accurate. Physiologically, artery 
has the specific function carrying the flow blood and only that; serves 
that function and only that function from the first day the last; does 
not compete with other elements communication; and its use auto- 
matically co-ordinated with all other organs, and the flow through 
automatically and consistently controlled. artery transportation, the 
contrary, has none these qualities, although should have them, and 
and when city planning finally succeeds, will have them. 

stands now, any one several types arteries transportation 
may called upon carry the flow any one several types movement; 
the facility which provides demand several competing elements 
traffic; seldom satisfactorily controlled its use and almost never 
properly co-ordinated with other phases circulation and communication. 
long cities continue grow and change way which impossible 
forecast accurately detail, the thoroughfares cannot brought into 
completely satisfactory use and control and co-ordination. Meanwhile, city’s 
requirements must anticipated nearly possible develop the principles 
applicable generally and, each case, specifically, and improve, least tem- 
porarily, the manner which the traffic arteries are used, co-ordinated, and 
controlled. The writer concerned with setting forth few the basic 
considerations which have with the inter-relation between street 
thoroughfares (as defined the report the Committee) and other prin- 
cipal arteries transportation within and adjacent urban areas. The 
other more important arteries transportation may listed follows: (1) 
The roadways secondary streets, not classed thoroughfares; (2) the high- 
ways just outside the city; (3) footways; (4) railways; steam lines (main lines 
suburban lines); electric lines (main lines, interurban, suburban, street, 
elevated, subways, freight, and passenger); (5) waterways: rivers, canals, 
ports; and (6) airways. 

The mere statement these various arteries transportation implies 
definitive classification function. The roadways secondary streets have, 
their special purpose, the carrying wheeled vehicles for relatively short 
distances between points desired access property alongside. The outer 
highways are intended collect and carry outward, and bring and 
distribute, traffic and from the city. Footways accommodate pedestrians, 
riders, and roller skaters for comparatively short distances each 
case. Main steam railways are designed primarily transport passengers and 

Engr., Chicago, 
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goods between cities; suburban lines carry them from down-town outer 
residential areas; elevated lines and subways serve primarily for the movement 
persons radially and transversely through town. Waterways may have 
one several functions ranging from bulk cargo barges and passenger liners 
the outboard motor-boat. Thus far, airways are used almost entirely for 
long-distance inter-city passenger, mail, and express carriage. Some day, 
perhaps soon, city plan will classify the types movement and the arteries 
carry them even greater detail, and city planners will undertake segre- 
gate and maintain each type artery and each single artery for one, 
most, few purposes. 

Now, the inter-relation between street thoroughfares and these other 
arteries transportation extremely intricate. The footway, while cus- 
tomarily the same strip land with roadway, may have less direct 
relationship that roadway than any the elements transportation. 
long the footways lead points which the pedestrian picked 
automobile, street car, train, otherwise, there good reason why 
the footway needs follow the street; fact, there are several good reasons, 
safety and agreeableness being chief among them, why footways should 
located quite apart from the streets. 

Conversely, the roadways secondary streets and the outer highways 
must intimately interconnected with the street thoroughfares that traffic 
can flow from one the other safely and conveniently. 

While steam railroad right way sometimes offers location 
for parallel street thoroughfare alongside, the real relationship arises out 
the requirement that the thoroughfares make possible for wheeled 
reach the loading points and particularly the main terminals the railroads. 
The same raay said the relationship between transit lines and street 
thoroughfares. this point, however, becomes more and more evident 
that street thoroughfare (and preferably street) will have street-car 
tracks, elevated railways, even subways, within the same right-of-way 
lines with the roadway. The best arrangement, and the one which may 
eventually set definite objective, that which the transit lines 
have rights way altogether separate from the streets. most cases, this 
would make possible the open-cut depressed transit track, bridged street 
and accessible from the streets all loading points. Plainly, the 
practice combining into one right way, street roadway, sidewalks, 
surface-car line, elevated line, and subway, decreases the 
efficiency each one—least seriously, perhaps, with the subway, and most 
seriously with the conflict between street cars and wheeled vehicles the 
pavement. The logical inter-relationship one providing convenience 
interchange loading points, and only that. 

relation waterways and airways, the street thoroughfares should give 
direct, convenient, and fast lines flow the points interchange—the pas- 
senger docks, the commercial wharves, the yachting centers, and the airports. 
How far they fall short this ideal! 
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seen, then, that there are, the main, only two desirable relationships 
between street thoroughfares and other arteries transportation, namely (1) 
that the flow between street thoroughfares and other streets such way 
cause little interruption and hazard possible; and (2) the relation- 
ship points transfer from wheeled vehicles using street thoroughfares 
the car, plane, ship using other arteries transportation. This simple 
state, but extremely complicated application. 

Furthermore, even when planning genius succeeds determining sound 
and appropriate pattern for all the arteries transportation proper relation 
each other, would still have equally difficult problems deal with: (a) 
the relationship between these arteries and the changing and increasingly 
intensive use private property; (b) the matter creating designs satis- 
factory from the architectural and landscape standpoint; and (c) the baf- 
fling matter public financing. 

the planning street thoroughfares, every other phase city 
planning, both the big task and the big opportunity lie devising means 
bring good city building within range the capacity pay—within the 
range financing limitations. The impassé which the American city 
now finds itself (the impassé “more than can pay for”), the 
result not much poor administration and graft, but rather poor 
planning, with the necessary sequence tremendously high costs for tearing 
down, rebuilding, opening and extending the city’s physical services. 
seems clear enough that the American city can work its way 
out only the most skilful, long-term planning and “programming” its 
construction and reconstruction. this project the underlying and, perhaps, 
the most important element that dealing with the classification, inter-rela- 
tion, and co-ordination the arteries transportation. 

The basic principle design for arteries transportation implicit 
the preceding statements. such artery should designed carry 
classes traffic and from specific points areas, the critical 
limitation the design being the matter cost. The several classes 
traffic are passenger cars, trucks, drays, street cars, elevated cars, sub-surface 
cars, and pedestrians. China, the rikshaw extremely important factor 
street design; and, Russia, the main boulevards must make provision for 
the “grand procession.” 

The problem design breaks into several elements—location, terminals, 
width, cross-section, grade, intersection, type and weight surfacing, drain- 
age, lighting, access abutting property, and underground services. The 
cross-sectional design requires that the total width built from the items 
required, and there almost infinite variety designs meet special 
conditions. One good type is: Four 10-ft middle lanes for through traffic, 
two 10-ft lanes for local traffic, two 8-ft lanes against the curb for loading 
and unloading, and, say, 16-ft space each side for sidewalks, for side- 
walks and planting strip—a total 108 for right-of-way width. Such 
street might classed street thoroughfare, but the local traffic 
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heavy, would not operate well for through traffic. Then would require 
re-study for location, for greater width, perhaps separate the through 
lanes from the local lanes islands, elevations, other means. 

One important consideration design emerges from the experience 
recent years, namely, that the points which local traffic enters the thorough- 
fare must infrequent, even far apart mile. 

The principles are becoming more clear; the physical and fiscal planning 
still mainly the future. 
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DESIGN BOULEVARDS AND PARKWAYS 


The design and parkways the light modern 
conditions and the accumulated experience that matter com- 
mon knowledge the Engineering Profession would appear require added 
consideration the following elements: 


privately owned property the vehicular roadway 
roadways the boulevard parkway, with reference the extent and 
linear contact. 

of, and the arrangement connections between, the boule- 
vard and parkways and the secondary minor thoroughfares. 


Boulevards long antedate parkways origin. Behind the boulevard lies 
some centuries what might termed evolutionary process adaptation, 
modification, and improvement. Its primitive beginnings were the utilization 
public thoroughfare, the sites bulwarks, fortifications, walls 
surrounding town. Incidentally, the encircling boulevard many cases 
happened scenic highway. 

extension and analogy the boulevard became broad, tree-planted in- 
ternal thoroughfare, either the main axis radials city plan. 
provides main traffic channels and imposing settings for public buildings, 
grand avenues for residential uses, for commercial and amusements enter- 
prises, well its characteristically European use for the leisurely enjoy- 
ment life the open air during considerable part the year. All these 
purposes will served the boulevards future unbuilt cities expansions 
existing cities. width, the boulevard may range from 100 200 
publie right way utilized varying combinations multiple roadways 
separated flanked with grass and tree-planted strips. Many examples and 
typical arrangements are available for study detailed planning. 

Further evolution modifications the design future boulevards 
would seem indicate need for greater degree segregation the use 
contacts adjacent property from the principal traffic stream and reduction 
the number connections with lesser thoroughfares. 

Parkways are much more recent origin and were evolved from dif- 
ferent concept. The name itself suggestive what was probably the 
earliest conception parkway park-like thoroughfare connecting 
outlying park with the down-town commercial, industrial, built-up center 
city. Expanding combinations this idea may cover connecting way 
having park attributes and joining park with the congested city center, 
two parks with each other. More recently, has been applied joining 
many more park areas reservations into unified system. the same 
time such arrangement provides traffic circulation system regardless 


Engr., Westchester County Park Comm., White Plains, 
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the primary purpose connecting parks, and has brought parkways into the 
category greatly extended arterial thoroughfares. 

The modern parkway reservation right way may be, and is—in the 
environs New York City., Boston, Mass., and Philadelphia, width 
from 200 1200 ft. the basis 40-ft paved roadway with flanking 
strips for seeding, planting, landscape treatment, simply the preservation 
original native beauty, the desirable minimum width 300 ft. Inter- 
mediate widths from 400 800 may dictated varying topography and 
especially the inclusion stream and its immediate marginal lands. 
Widths 1200 for parkway are possible through sections low- 
priced lands, such swamps rocky ridges. 

Parkways are planned and designed the principle absolute exclusion 
privately owned property from direct contact with the paved roadway, com- 
plete separation all main intersecting thoroughfares the roadway 
levels and their main traffic streams, and the minimum number entrance 
and exit connections consistent with serving the requirements the locality 
traversed. desirable minimum spacing might placed mile and range 
miles. 

Although originally they were created largely from esthetic motives, park- 
ways have emerged the most effective solution the modern arterial road 
problem the following purely economic grounds: 


(a) They are efficient for passenger traffic movement because (1) they 
minimize interference with the traffic stream eliminating roadside park- 
ing; (2) entrance and exit connections occur infrequently; and (3) grade 
crossings are generally eliminated. 

(b) This effect adjacent land invariably enhance values con- 
trast with depression values which may occur where arterial road front- 


age direct contact with the pavement cannot absorbed business 
industrial uses. 


terminology, the Committee the Regional Plan New York and 
Its Environs, after considerable study both legal and physical aspects, 
adopted the term, “boulevard,” denoting highway that furnished with 
trees, grass, other park features, and the term, “parkway,” denote way 
through, and within, park. 

These definitions are derived from the premise that, law, there are 
only two classifications, namely, highways and parks. These terms have the 
advantage brevity and meeting rigid legal requirements. 
legal sense, inclusive not only the common conception park, but 
linear extension ribbon into parkway, even provides other form 
recreation than pleasure driving and enjoyment landscape. 

Although might seem desirable amplify the foregoing terminology 
“boulevard,” the difficulty that descriptive amplification quickly exceeds 
the limits terse definition. 
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SUPER-HIGHWAYS 


far known from the records, the term, “super-highway,” was 
coined Daniel Turner, Am. E., describe single-level, all- 
purpose highway designed provide exclusive right way for rail transit 
combination with superior facilities for movement heavy-volume motor 
traffic created metropolitan areas. 


The design was applied Mr. Turner the keynote his plan for 
co-ordinated thoroughfare system within the developed section Detroit, 
Mich., and its expansion into regional plan for the Metropolitan Area, later 
adopted the Master Plan for Detroit and the three counties affected. 

The purpose the design may best described brief condensation 
from Mr. Turner’s report Consulting Engineer the Rapid Transit Com- 
mission, dated April 10, 1924: 


The specifications provide for: (1) central reservation for the 
exclusive use rapid transit lines rails and the tree and shrub planting 
screen it; (2) 20-ft roadway for express motor traffic each side the 
central space; (3) 5-ft planting safety zone strip, the outside 
the express roadway, separating express from local roadways, but with open- 
ings intervals for transfer from local express where the roadways are 
the same level between stations; (4) local roadways, wide; and (5) 
sidewalks, wide, making total 204 ft. 

After acquisition the right way, the execution the design in- 
tended coincident with the local requirements the area and, therefore, 
will proceed gradually building development progresses and traffic needs 
increase. first, all roadways will the same level and cross-street 
traffic will cross the rail reservation all street intersections. The express 
roadways will provided when the central reservation occupied rapid 
transit rails and the right way made exclusive separation grades 
half-mile intervals stations, the rails and express roadways going over 
the half depressed cross-street and the local roadways meeting the cross-street 
grade. coming between stations may then turn into the local 
roadway, but may cross the express roadway and rail reservation only the 
under-pass. from local roadways may enter the express roadway 
the barrier opening provided where local and express roadways are the 
same level. Grade separations may built for express roadways advance 
rail occupancy the central reservation traffic needs require, under the 
same limitations crossing. 


From traffic standpoint, the super-highway design seen pro- 
vision for insurance ample roadway space for motor traffic under conditions 
permitting high speed with safety. separates directional traffic, well 
through and local traffic, and permits greater freedom movement reduc- 
ing traffic interferences. From transit standpoint seen provide for 
future economies rail transportation making possible construct the 
permanent way the surface one-fifth the cost underground struc- 


Engr., Rapid Transit Comm., Detroit, Mich. 
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ture and one-half the cost wholly elevated structure. The noise 
passing trains reduced the minimum the width street and the tree 
screens. 

utility highway this nature peculiarly adapted the metropolitan 
areas surrounding great cities, where traffic volume assumes great proportions 
and where mass transportation facilities must eventually provide for density 
beyond the capacity street car and bus system. those areas the 
safety separation directional traffic and permissible elimina- 
tion left turns intersections may maintained boulevard design 
with minimum for the central parkway, and with side parkways 
separating distance traffic from local traffic. 

There economic reason why the all-purpose roads the future should 
not provide for esthetic treatment landscaping well for the utility 
needs, provided adequate right way secured upon initial location, 
before acquires prohibitive value created the facilities furnished. 
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LAYOUTS RELATION 
DRAINAGE SYSTEMS 


For the purpose this paper, the “thoroughfare” the general designa- 
tion traffic-way importance and will include streets roads generally 
ealled “boulevards,” “arterial highways,” “major secondary highways,” and 
“parkways.” The “drainage system” the region comprises facilities for 
the removal storm water, ground-water, spring flow, and other excess 
liquids, exclusive sewage and contaminated waste waters. These facilities 
may the natural watercourses, such creeks, brooks, dry runs, ravines, 
may artificial drains, either open covered. 

The construction covered masonry storm drains large size, now 
common large cities, is: 


(1) The result failure develop and organize proper system for the 
improvement and protection natural watercourses. This failure largely 
due improper platting, which either disregards watercourses Jeaves the 
valleys waste land, places the watercourses the rear lots, where they 
readily become rubbish dumps. 

(2) Placing high charge platted property for which there ade- 
quate return and which accordingly detrimental simple and uniform 
development and tends produce high density population. 

Destructive the greatest asset for residential setting, attrac- 
tive natural scenery semi-pastoral character. 


The alternative drainage policy involves the preservation watercourses 
enlarged supplemented become adequate for the increased run-off from 
urban areas and the protection and preservation the natural conditions. 
tional purposes; 


(a) The setting aside considerable areas lowlands for permanent use 
drainage ways, but with possibilities considerable value also for recrea- 
tional purposes: 

The subdivision land that drainage ways will conspicuously 
evident, order that their scenic value will best appreciated and that they 
may not readily restricted filling surreptitiously used for the dis- 
posal rubbish; and 

(c) consequent requirement for lot frontage along the drainage ways 
which would then involve the platting marginal streets along such ways. 
The valleys being generally easy gradient routes, such streets would naturally 
thoroughfares the direction the valley trend. 


GENERAL 


Proper original planning should provide system thoroughfares border- 
ing reserved natural drainage ways which would joined complementary 
Engr., St. Louis, Mo. 
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system crossing the valleys the most advantageous points. This system 
has been followed for residential areas and has resulted such major resi- 
dential streets those the Turtle Creek Valley, Dallas, Tex.; such 
boulevards those Kansas City, Mo.; and such parkway developments 
Westchester County, New York State. Common habit the contrary, the 
system can used also commercial areas people are willing organize 
adequate protection and policing. The result would the ultimate benefit 
the community from every angle. There popular reaction against the 
present ugly, uniform type urban development which would welcome 
change this direction. Obviously, the scheme not generally applicable 
thoroughfare planning corrective character, old settled communities, 
and has advantage where money has already been spent for 
large storm sewers. 
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EXPRESS HIGHWAYS AND BY-PASS ROUTES 


Express highways and by-pass routes are recent evolutions the motor- 
vehicle age. There was necessity for them man-and-horse civilization. 
By-passes have been use for considerable time, but express highways have 
developed very slowly. The latter came into actual use only short time 
ago. This, too, despite the fact that Wells anticipated such special 
types roads for motor-vehicle use early 1901, and the very beginning 
the motor era, when described the probable “Locomotion the Twen- 
tieth Century,” follows: 

highly mobile conveyance capable travelling easily and swiftly any desired 
point, traversing, reasonable controlled pace, the ordinary roads and 
streets, and having access for higher rates speed and long-distance travel- 
ling specialized ways restricted swift traffic They (the specialized 
ways) will have very just wide the courage their 
promoters goes—and the first are too narrow, there will question 
gauge limit the later ones. Their traffic opposite directions will probably 

another point, describing the use the privately owned motor carriage 
such special ways, stated: 

“This, for all except the longest journeys, will add fine sense personal 
miles more, One will free dine where one chooses, hurry when 
one chooses, travel asleep awake, stop and pick flowers, free 
travel the limit their very highest possible speed.” 

thought such segregation motor traffic might possibly begin even 
the decade from 1900 1910. are just now (1934) beginning 
think about seriously. The foregoing remarkable vision the condi- 
tions to-day time when the tremendous growth automobile use 
seemed conceivable. 

The express feature highway applies only the roadway 
defined the definitions the Committee Street Thoroughfares. There- 
fore, express highway may defined highway having express road- 
way. the same basis, there may express boulevards, express parkways, 
express streets, express roads, etc. fact, every type highway would 
become express provided with express roadway. 

express roadway may defined ‘as roadway constructed with 
separated opposite-direction lanes and without crossings grade, 
permit fast minimum-stop traffic. 

The ideal express roadway should not directly accessible abutting 
property; and access from the local lanes the highway which may 
part should infrequent. Similarly, should accessible only infre- 
quently other highways. There should lanes for trucks and buses 
well passenger cars. Grades should low. Curvature should reduced 


4 


August, 1934 EXPRESS HIGHWAYS AND BY-PASS ROUTES 821 


the minimum. There should least two traffic lanes each direction 
and, preferably, three. 

Practical considerations will make necessary many departures from the 
ideal. Other types highways have been, and will be, proposed secure 
great degtee possible the advantages the ideal express roadway— 
without resort the high construction costs and such complete differentia- 
tion the ideal requires. 

Instead including the express roadway feature the highway 
may constructed entirely separate highway without any local traffic 
lanes, but designed for express traffic exclusively. order distinguish 
from express road express street which provided for both local and 
express traffic, such highway might called expressway; that is, defined 
highway for express traffic exclusively. This would the ideal method 
for express service. 

Along such expressways, signal-controlled ingress and egress points, 
all the necessary service facilities should segregated, restaurants, inns, 
hotels, comfort and rest houses, oil and gas, repairs, emergency trucks, etc. 
These service stations should far apart practicable, consistent with 
the development the country side. Along the expressway, however, 
emergency pull-out spaces, accessible only from the roadway, should pro- 
vided convenient distances apart and these should equipped with tele- 
phone the service stations. Here travelers could change tires and make 
minor repairs without resort the station service, and without obstructing 
the traffic lanes. 

Expressways will not practicable construction urban districts 
the open country. elevated depressed roadway city makes 
ordinary street into express street, not expressway the 
sense intended herein. 

The most important city streets should those planned for the 
tion mass passenger transportation facilities rails, well rubber tires 
because, after all, probably three-fourths the people travel along such 
thoroughfares. fact, such streets, which may termed super-highways, 
should the base plan for any city street system. After they are planned 
circulate and distribute the population the best possible manner, all other 
streets, which are secondary, should fill and complete the circulating system. 
Failure recognize the necessity providing ways for these mass travelers 
one the greatest oversights which city planners have been guilty the 
past. The present congested condition cities largely due this oversight. 

super-highway may defined highway designed accommodate 
mass passenger transportation facilities rails and rubber tires, addi- 
tion all other street uses. 

Since by-pass route only connecting link around locality 
highways into, and out of, the locality, it.should conform all particulars 
the type the highways connect permanently; that is, the by-pass 
should the expressway type eventually form part the 
expressway or, shunt ordinary road around congestion, should 
ordinary road. 
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PAYING FOR STREET THOROUGHFARES 


1785 the Continental Congress established the township system 
originated New England, and made applicable all Government-owned 
land. The State then adopted created the section-line highway 
rods width, make the lands accessible and permit their development. 
This was practically the highway system the United States—a rectangular 
system. The easement the road being prescription, the abutting owners, 
turn, had access the road all points contact for trade and barter 
the products the land. Originally, the township paid for the 
tion the roads the section and quarter-section lines; then, some one 
New Jersey applied the “scientific method.” observation certain 
stretch road, found not only local township wagons, but wagous from ad- 
joining townships and from townships far beyond. reached the conclusion 
and was able the Legislature that the State should con- 
tribute. The first legislative act was require that the abutting property 
owner pay one-tenth the cost, the State one-third, and the county the re- 
mainder. Thus began, principle, the taxing urban units for the develop- 
ment country roads. 

Foll Roads.—The first attempt creating thoroughfares communica- 
tion was the establishment toll roads the Eighteenth Century. The first 
cost and maintenance was borne chartered turnpike corporations, and the 
users paid toll reimburse the owners. These companies had the right 
eminent domain and could appropriate existing highways when necessary. 
The turnpikes were public highways, every respect, and were free all 
except that the legal toll must paid condition use. 

One the great toll roads history was constructed the United States 
Government. The Cumberland Road, National Turnpike, from Fort Cum- 
berland (Baltimore, Md.), across Pennsylvania, Ohio, and Indiana, Van- 
dalia, about 800 miles, was Government project. was begun 1806 
and finished 1844 under Congressional Act 1796. was financed 
the United States Treasury which was supposed reimbursed from road 
fund. This road fund was created setting aside one-tenth the proceeds 
the sale Government lands Ohio and possibly other States. The 
cost the pike was $7000000, and carried annual traffic 3000 
wagons. 

Government aid for road building was stopped about 1840. was then 
advocated that the States should build their own roads and the Government 
confine its financial aid territorial and military roads. 

Steam Roads.—Coincident with the development the toll road, but 


beginning later, was the wonderful and rapid promotion the steam rail- 


State Planning Board; Managing Director and The City Planning 
Board, St. Paul, Minn. 
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road. 1840, had demonstrated its ability compete with toll roads. 
operated over private right way and its destination was succession 
terminals. Owners abutting property had right access its right 
way except terminals. Encroachment the right way trespass 
was punishable law. Land was often given for terminals abutting 
owners who recouped enhancement value their remaining land; 
the railroad companies bought the land proposed terminal and reaped the 
benefit this increase value—a benefit brought the railroad which 
made accessible other terminals. 

Railroads were financed private capital, land grants, gifts, and Govern- 
ment loans. Shippers paid the entire cost moving their products com- 
modities over the railroads. 

Trunk present-day road-building activities began with 
Federal aid. For twelve years, appropriation bills were written and killed 
prior 1916, when the Act was successful. provided that the Federal 
Government should extend aid the States for the construction rural 
post roads and for other purposes. These enormous expenditures ($125 
per 1931, 1932 and 1933, Government aid matched equal amount 
from the States) made possible the great network interconnecting trunk 
highways over the United States. 

State funds are produced from gasoline tax, motor-vehicle license tax, 
wheelage tax, mileage tax, and bonds. 

Urban urban centers the principal use land for streets, 
parks, and building sites. The street system usually created dedication 
town-site plat. Many cities were started during great speculative era 
when more thought was given land commodity and the profits 
made from than the development street system for city. 

Widths streets were determined the vision, generosity, cupidity 
the owner developer. fact, little was known about street widths that 
habit probably determined many them, and the 60-ft street became fairly 
common. was considered suitable boundary for lots. 

some notable instances, thoroughfares ample width were laid out 
serve the street system the business center, but more often thorough- 
fares were contemplated. For speculative reasons certain uses were estab- 
lished these streets. Some these uses could have been better served 
wider streets while others could served narrower ones. 

From 1870 1920 city populations ‘worried along” with this inadequate 
and poorly designed street system, and improper location structures and 

The introduction the motor vehicle has compelled larger floor area 
for transportation uses. Thoroughfares have had created serve centers 
and minor street systems. There has been much widening mercantile 
streets and connections and construction parkways for passenger cars, 
arterial streets, express highways super-highways—all-purpose thorough- 
fares and cul-de-sac street systems residential districts. not created 
new land these have been obtained enormous cost. 
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The procedure for financing public improvements varies from place 
place and from State State; but, speaking generally, when group 
citizens want their street graded, widened, paved, when they want 
sewer put sidewalk built, they enter into co-operative agreement with 
the municipality, under which the latter does the work and those who benefit 
the construction pay for it. The State gives the right governmental 
unit this under quite elaborate legal protective restrictions. 

The necessity municipality handling these co-operative individual in- 
vestments local improvements can explained one simple example. 
group citizens wishes construct sidewalk the following are some 
the questions that would arise. what grade should the walk laid? (Each 
owner will want the walk near the level his property possible.) 
Shall the walk ft, some other width? Shall built con- 
crete, brick, cement Shall cinder board walk? Shall 
laid along the property line the middle the reservation, along the 
curb? walk necessary all? Who would underwrite the construction 
cost order that contract might let? How would collection each 
one’s portion cost made? 

not possible for group people arrive agreement these 
things, due difference culture, experience, knowledge, notions, and 
financial ability pay, and each laid his own walk construction Babel 
would the result. The municipality, therefore, carries out the work accord- 
ing its engineering standards; pays the contractor from moneys which 
has arranged beforehand have hand through tax levy bond issue 
certificates indebtedness, and collects back from the citizens the cost the 
work, justly apportioned each according benefits, installments with 
interest. these costs are not paid they become lien the property and 
are added the taxes, and when the taxes are paid the assessment must 
paid the same time, the property sold. 

many States municipality also has the power order such improve- 
ments public convenience and necessity and collect the cost from 
owners benefited. 

The three great powers Government are: The power eminent domain; 
the power levying taxes; and the power collecting the construction cost 
for local improvement work from property owners benefit assessment. 
greater power exists. Ownership land infers simply the right pos- 
session contingent payment taxes and assessments; otherwise, possession 
passes others. 

street thoroughfare widenings, the municipality takes the property re- 
quired under its powers eminent domain, orders buildings moved off, 
resets the curb, widens the pavement, constructs sidewalks, changes grades, 
moves light standards, fixtures, etc., all under its power investing the 
citizen’s money street improvements enchance his business and social 
opportunities. pays the owner for the land and building taken, the cost 
new front remodeling, consequential damages due the construction work, 
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and pays the contractor. then proceeds collect the cost from 
citizens that are benefited. This may done special assessment 
through tax levy, both. 

can shown that certain property receives benefit peculiar 
advantage construction work authorized the municipality, that property 
may assessed for the cost. the property owner’s investment 
improvement. the benefit advantage the entire city, every piece 
property the city may assessed. This probably never done, 
simpler spread the cost the tax roll and collect with the real estate 
tax. 

the benefit advantage greatest abutting property street, but 
also extends district the entire city, but lesser degree, gradu- 
ated assessment may spread over the street district, and the remainder 
may collected tax real estate, remembering that the ones assessed 
must also pay the tax, because real estate tax covers every parcel. the 
benefit advantage entirely the street the abutting property that 
street may assessed for all the cost. 

benefit assessment ‘is bill for construction work done the municipal- 
ity for group property owners enhance the social, economic, and phy- 
sical usefulness their property. insure uniformity construction, com- 
pliance with engineering specifications, and equitable distribution the cost, 
the municipality makes the investment for the property owners and col- 
the bill. 

determine the value thoroughfare improvement best mat- 
ter forming approximate estimate. 

Providence, I., all paving paid for out street-paving fund set 
the budget each year the theory that all citizens were benefited 
paving. Cities and towns Virginia are constitutionally prevented from 
levying special assessments for local improvements, except that cities more 
than 500 inhabitants per mile may assess abutting property owners for side- 
walks existing streets, for improving and paving existing alleys, for con- 
structing sewers, for the use sewers. 

St. Paul, Minn., assumed that paved roadway sufficient 
serve abutting property and that greater width necessary for 
the benefit the city large. charter provision that ft, less, 
pavement may the investment the abutting property and that such 
investment cannot required the owner oftener than once fifteen years. 
The remainder the cost the city’s investment and amounts from 
58% the total cost. The amount assessed for sewer decided for 
each particular case; there limitation, the amount assessed depending 
the value the property and the benefits. the other hand, water 
mains are assessed $1.00 per front ft, payable ten yearly installments. 

Minneapolis, Minn., one-third the cost paving paid for abutting 
property, one-third from the current paving fund, and one-third from bonds 
running for thirty years. Abutting property owners may assessed $2.50, 
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less, per front for sewer, the remainder being paid from bond issue 
general taxation. 

These are arbitrary rules laid down for convenience and prevent dif- 
ficulties that would result from more refined methods. Sometimes they are 
inconsistent, but they work. The methods used each city are usually con- 
sidered, not absolutely equitable, least the best they can “get away with.” 

street widening, openings, the apportionment of. cost not 
simple—land must acquired and owners want money for land. simple 
rules have yet been devised such are used for other public improvements. 
The owner demands all can get damages and escapes all can the 
award benefits. Land values are determined appraisers; the building 
damages are determined engineers, architects, 

can determined aceurately and beyond serious 
dispute, but the determination land values difficult. Expert testimony 
may develop differences that cannot reconciled. Such expert testimony re- 
the psychological attitude the individual. may based facts, 
may reflect intoxication optimism and imagination. The munic- 
ipality must accept reconciliation these mental attitudes representing 
the actual value and may proceed pay the cost and apportion the bene- 
fits the property which, its judgment, has received advantage 
benefit. 

The apportionment the amounts assessment each case the most 
intricate problem confronting city. 

the City St. Paul widened Robert Street, mercantile street. 
After considering various ways financing the project, the majority abut- 
ting owners the street agreed with the City that they would pay the cost. 
The City instituted condemnation proceedings acquiring the west 
side from Second Street Central Avenue, twelve blocks, which six blocks 
were the heart the retail district. The street was widened from 
Theoretically, the owners the the street who were undis- 
turbed paid one-half the value the land and buildings taken the west 
side. The owners the property the west side, which was cut off from 
widening, accepted one-half the value what they gave up. The entire 
street was repaved, and both sides paid. The cost was the 
rate per mile. 

1923, the widening Robert Street was extended north ft., 
necting with University Avenue through hill separating the 
grade with one the cross-streets (Cedar Street). made continuous 
thoroughfare from the University Minnesota, Minneapolis, the heart 
the business district St. Paul, distance six miles. This extension 
cost $260000, and was assessed largely over that part Robert Street 
originally assessed. was regarded completion that project. 

1927, the new Robert Street Bridge with 56-ft roadway was built 
over the Mississippi River, cost and through period 
three years other widenings were completed, making Robert Street con- 
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tinuous thoroughfare South St. Paul, three miles, and there connecting 
with State trunk highway. 

The value property Robert Street was never enhanced equal the 
assessment $1260000, although was approaching 1928 when 
the value curve turned downward. The street was widened preserve its 
business character, make the business houses more accessible, and pre- 
vent mutation. was the desire the owners 1913 make arterial 
street and this was accomplished. 

Robert Street, Seventh, are two large department stores, each 
which annual dollar volume business exceeding that any other retail 
store the Northwest. There are also two large clothing houses, banks, 
hotels, office building, brokerage houses, restaurant, and shops. The widening 
the street started values upward. The increase through motor travel 
pulled values downward. 

Seventh Street, St. Paul, runs right angles Robert Street. 
the leading retail street and may found the highest land values the 
retail district. 60-ft street with 40-ft roadway, and 10-ft sidewalks; 
and accommodates double-track car The Planning Board recom- 
mended that the street arcaded for five blocks, placing the sidewalks within 
the building and widening the roadway ft. During the discussion, prop- 
erty owners asked for estimate cost for physical widening, making 
86-ft street with 56-ft roadway, and two 15-ft sidewalks. The estimated cost 
was approximately 500 000, but analysis these figures disclosed that 
the property owners would give the land and each pay his actual reconstruc- 
tion cost; is, tearing down his building, constructing new 
front, re-arranging the interior, paving additional ft, and building 
15-ft sidewalk, the actual cash outlay the part the property owners would 
have totaled approximately This difference the so-called value 
the land and buildings taken. Now, the City had proceeded with con- 
demnation proceedings and allowed damages amounting and 
then declared benefits $5.500 000, the same results would have been obtained, 
but the property owners and every one else knows that such award 
benefits would attacked, although equitable. and just, and the property 
owners would stand good chance winning their case Court, because 
the attitude the Courts toward property values. 

Where street widenings are necessary, because the original dedication 
width was not sufficient. The original dedication for street was made 
from the land, the owner absorbing his loss area and benefiting ac- 
cessibility all parts the remaining portion. Where street widened 
the power eminent domain, correct the error the original 
dedication. 

The L’Enfant Plan Washington, C., provided 90, 110, and 160-ft 
streets. These wide streets were burden the city the property 
owners, only that part was improved that was needed for abut- 
ting owners using the excess width street yards. When necessary 
widen street Washington, condemnation proceedings are neces- 
sary, the roadway widened setting back curbs and sidewalks. 
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SHouLD Pay 


The widening street can only supported arguments based sur- 
veys and careful analysis the survey data. Physical units are not the 
only ones counted. There social aspect, economic condition, and 
psychological viewpoint. Furthermore, there chance decreasing 
the cost distribution, the advantage accrues the owner, the traffic, and 
the customer. 

city the character use determines the width the street and the 
width the roadway, the latter being based the almost uniform laws 
establishing vehicle widths. The following road width (in feet), will con- 
sidered standard: 


For residence districts, minor 
For residence districts, major 
For approaches residence districts, arterial streets... 
For mercantile businesses, for multiple-family homes. 


Arguments for these roadways may found all literature the sub- 
ject. They are the required roadway widths for such uses property. The 
width the street the width the roadway required, plus the width 
the sidewalk required, plus planting and embellishment strips desired. The 
owners abutting property should pay the entire cost the right way 
street width these cases. 

The paving surfacing these roadways and the question who shall 
pay the cost must determined locally, depending values, use, and 
general custom. There always some through traffic all streets vary- 
ing volume. owners motor vehicles pay personal property tax, 
gas tax, and wheelage tax (or some combination the three), these moneys 
should set aside for paving surfacing purposes. 

For arterial streets, express highways, super-highways, and trucking ways, 
consideration must given acquiring the land for right way for 
widened right way through general taxation of, bonds of, and special 
assessments of, districts terminals. would unusual for the owners 
abutting lands profit; the property may even depreciated these 
thoroughfares unless buffer right way provided, broad enough pro- 
tect the abutting owner from the noise, heat, and fumes traffic. 

The right way for parkway should wide not only for landscape 
purposes, but (more important) for protecting the near-by property owner 
from the undersirable features traffic; and, where there access 
abutting property, there should assessment except where the property 
may part the assessment district. service drives for abutting prop- 
erty are constructed the parkway lands, the value this part the land 
and the construction cost should assessed the abutting property, pro- 
viding the development has not taken away existing frontage right, 
which case the law would require that the service roadway provided 
the cost the municipality building the parkway. general, there 
right access all property which should paid for the owners that 
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property, but the right access may not way parkway, artery, 
super-highways, except use made the same right way. 

the case highways between terminals the same principles apply. The 
right way must acquired and paid for assessments the district, 
preferably the terminals, and the grading, paving, and structures the users 
—motor-operated vehicles through license fees, gas tax, and wheelage tax. 

would seem basic principle that land for streets for street 
widenings, the standard widths required the use, should provided 
abutting property without cost; that is, condemnation proceedings, benefits 
and damages should made equal for land acquirements. Why should the 
owner paid for the increment value that has been created the people 
the city? The only difference the value lot the Sahara Desert 
and lot Fifth Avenue, New York City, the spirit business that 
surrounds that lot, and that spirit business was created the people 
New York. The owner receives his remuneration the increased value 
his remaining property obtaining the accessibility which his busi- 
ness required. 


a 
O- 


830 BIBLIOGRAPHY STREET THOROUGHFARES Papers 


BIBLIOGRAPHY STREET THOROUGHFARES 


THE COMMITTEE THE CITY PLANNING DIVISION 
—THOROUGHFARES MANUAL 


Autostrada: Papers and Reports the International Road Congresses Seville, 
Spain (1923), and Milan, Italy (1926). 

Braided Crossing for Express Highway, Child, The Highway 
Magazine, February, 1933, 40. 

City Panning Primer; Pamphlet United States Department 
1928. 

Control Roadside Development Through State and County Highway 
Planning, Robert Whitten, City Planning, July, 1932, 157. 

The Design Street and Highway Intersections, Tuttle and 
Holmes, Jun. Am. Soe. E., Public Roads, United States 
Agriculture, July, 1932, 73. 

Distribution Costs Assessable Improvements, Civil Engineering, April, 
1933, 222. 

Effect Bridges Transit Conditions (Paper No. 1554), John Miller, 
Am. Soe. E., Transactions, Am. Vol. (1925), 127. 
Elements Governing the Development Highway Traffic (Paper No. 1576), 
Johnson, Am. Soe. E., Transactions, Am. Soe. E., Vol. 

(1926), 259. 

Equitable Distribution Benefit Assessments, Hyman Shifrin, Am. Soe. 
E., Civil Engineering, March, 1933, 158. 

Excess Condemnation City Planning: Symposium (Paper No. 1585), 
Transactions, Am. E., Vol. (1926), 791. 

Express Highways France New York Times, November 1930. 

The Expressway the Region, Robert Whitten, City Planning, June, 1932. 

Financing Street and Highway Improvements (Paper No. 1828), 
Crum, Am. Soe. E., Transactions, Am. E., Vol. (1933), 
74. 

Graphic Regional Plan, Regional Plan New York and Its Environs, Vol. 
(1929). 

Highway Location, Notes on, Crosby and Goodwin, Members, 
Am. Soe. E., Gillette Pub. Co., 1928. 

Traffic, Regional Survey New York and Its Environs, Vol. IIT 

1927). 

Highway Traffic Capacity, Johnson, Am. E., Public Roads, 
United States Department Agriculture, May, 1932. 

Highways, Gorden Whitnall, Roads and Streets, August, 1932, 335. 

Increasing the Capacity American Highways, Waldon, Traffic 
Regulation, December, 1930, 51. 

Increasing the Capacity Existing Streets (Paper No. 1556), Arthur 
Am. Soe. E., Transactions, Am. E., Vol. (1925), 
210. 

Legal Problems Involved Establishing Setback Lines (Paper No. 1808 
Clifton Williams, Transactions, Am. E., Vol. (1932), 887. 

Machine Made Leisure, Paul Franke, The Parkway, 179, Harper and 
Brothers, 1932. 


P 


: 
4 
} 
R 
E | 


August, 1934 BIBLIOGRAPHY STREET THOROUGHFARES 831 


Misleading Propaganda Directed Against Highway Users (Staff Article), 
Roads and Streets, September, 1932, 375. 

Address President George Webster, the 
Annual Convention, Houston, Tex. (Paper No. 1474), Transactions, 
Am. Soe. E., Vol. LXXXIV (1921), 516. 

New Type Thoroughfare: The “Freeway”, Squire and 
Bassett, The American City, November, 1932, 64. 

Ocean Beach Esplanade, San Francisco, California (Paper No. 1539), 
O’Shaughnessy, Am. Soe. E., Transactions, Am. Soe. Vol. 
(1924), 492. 

The Parkway Traffic Artery, Swan, The American City, October 
and November, 1931. 

Planning for Residential Districts: Report the President’s Conference 
Home Building and Home Ownership, Washington, C., 1932. 

Planning Highways and Street Intersections for Modern Traffic Needs, 
Marsh, Am. Soe. E., The Municipal Index, Edition 1931, 
123. 

Planning Street Systems, Lewis, Am. Soe. E., Highway 
Engineer and Contractor, July, 1931, 33. 

The Preservation the Countryside: Lecture the Earl Cranford and 
Balearres, with Discussion Cass Gilbert, Journal, Society Arts, 
June, 1932, 662. 

The Prevention Blight Residential Areas Adjacent 
Robert Whitten, Bulletin, National Conference City Planning, June, 
1931. 

Preventive and Palliative Measures for Street Traffic Relief, Miller 
City Planning Quarterly, April, 1930, 199. 

Regional Plan the Philadelphia Tri-State District: Findings and Proposals, 
1932. 

Regional Planning (Paper No. 1526), Nelson Lewis, Am. Soe. E., 
Transactions, Am. E., Vol. LXXXVI (1923), 1326. 

Regional Planning Theory, Comey, Am. E., 1932 
(Pamphlet). 

Report (Final) Special Committee Materials for Road Construction, and 
Standards for Their Test and Use (Paper No. 1421), Transactions, Am. 
Soe. E., Vol. LXXXIT (1918), 1384. 

Report “Manual City Planning, Scope and Hugh 
Young, Am. Soc. E., before City Planning Div., Am. Soe. E., 
Cleveland, Ohio, July 10, 1930. 

Am. Soe. E., before City Planning Div., Am. Soe. E., Cleveland, Ohio. 
July 10, 1930. 

Russian Planning Norms, Crane, Jr., Am. Soe. E., City Planning, 
July, 1932, 168. 

Seattle, Plan of: Report Municipal Plans Commission, Submitting Report 
Virgil Bogue, Am. Soe. E., 1911. 

Special Assessment Report Investment Bankers Assoc. 
November, 1931. 

Speed Thoroughfares, Maxwell Halsey, Traffic Regulation, May, 1931. 

Thoroughfare Plan for Boston, 1930, Robert Whitten, Proceedings, Am. 
Soe. E., May, 1933, 917. 

Through Streets, National Safety Council, Chicago, 1930 (Pamphlet). 


) 
) 
Je 
) 


832 BIBLIOGRAPHY STREET THOROUGHFARES Papers 


Traffic Circles and Rotary Traffic; Herbert Swan, Civil Engineering, 
July, 1932, 425. 

Traffic Planner Imagines City, Fritz Malcher, The American City, 
March, 1931, 134. 

Traffic Separation Plan for Two Intersecting Roadways, 
Civil Engineering, September, 1932, 588. 

Widths (Preliminary Investigations), American Highway Engineers Hand- 
book, Wiley and Sons, New York, 1919. 


Zoning and Freeways, Bassett, City Planning, July, 1933, 138. 


| 
1 

| 

‘ 

4 
1 


AMERICAN SOCIETY CIVIL ENGINEERS 
Founded November 1852 


PAPERS 


ECCENTRIC RIVETED CONNECTIONS 


Formulas and corresponding curves for designing riveted connections, sub- 
jected eccentric loads, are developed this paper. The general equations 
express, directly, the relationship between the load, the eccentricity the load, 
the stress the extreme rivet, the spacing the rivets, and the number 
rivets the group. 


Although riveted connections subjected eccentric loads are frequently 
encountered practice, the method designing them essentially matter 
“cut and try”; that is, the rivet group assumed and the stress the 
extreme rivet checked. Hitherto, “families” curves have been made for 
use designing this type connection, but has been difficult interpolate 
for values between such curves, and beyond the range the curves the “cut- 
and-try” method must still used. Furthermore, the probability reading 
values, incorrectly, great, due the complicated nature such curves. 
Tables are also available, but they, too, offer accurate means interpola- 
tion for values other than those listed. 

The formulas and charts presented with this paper are suggested replace 
those now current use. Accurate and quick results are possible with these 
curves due the inherent advantages alignment chart over “family” 
curves. The general formulas herein developed, express directly the rela- 
tionship between the load, the eccentricity the load, the stress the 
extreme rivet, the spacing the rivets, and the number rivets the group; 
but the resulting function (the number rivets), difficult solution 
algebraically. However, graphical solution this function possible 
means alignment chart. The problem has been restricted con- 
sideration the case which the action line the load parallel the 
rows rivets the group. Figs. are offered for the solution cases 
that occur most commonly. The charts are for groups rivets containing 
from one four rows, and for the one case 3-in. spacing rivets. Fig. 
made cover all cases which the spacing between rows rivets varies 
from in. For connections three and four rows rivets only one 
case presented—that 3-in. spacing between rows. For cases beyond the 
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range the charts, which the method used, the formulas 
for the polar moment inertia the group, and the distance from the 
center gravity the group the extreme rivet will aid materially 
the solution. 

For checking the strength connections not covered the charts the 
formulas developed are quick and easy solution. Fig. useful for 
designing plate-girder web splices when the common assumption made that 
the stress each rivet, due bending, direct proportion its distance 
from the neutral axis the group. design web then, only 
necessary divide the shear and moment the web uniformly between the 
assumed number rows rivets each side the splice, determine 
the the shear (the moment divided the shear), and proceed 
use the charts for any load. the same manner, Fig. may 
used for preliminary design for connections more than one row 
rivets that lie beyond the range the other charts. 


ForMULAS AND 


use the charts, lay straight-edge across the three scales the chart, 
intersecting two them known values. The point which the straight- 
edge intersects the third scale the desired value. The following notation 
presented for the convenience discussers: 

eccentricity load with respect the center gravity the 
rivet. group; 

total number rivets group; 

pitch; 


from the center gravity the group rivets; ro, 
group; and polar moment group; 

total stress extreme rivet, allowable total stress; 

width strip, distance between rows rivets parallel 
the axis the member; 

load, with line action parallel the rivet rows; 

angle between vectors (Fig. 2(d)); 

rivets; and, 

angle measured the center gravity rivet group 


(see Fig. 2(d)). 
Example 1—One Row stress the extreme rivet (Fig. 
1(a)) the resultant the shearing stress and the stress due bending, 


2 2 


or, 


Ratio of Load to Rivet Stress. A 
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which, 


5.0 
4.0 
3.0 
wo 


Eccentricity, ¢, in Inches 


Ratio Load Rivet Stress, 


1.0 


Fic. Row RIVETS WITH 3-INCH PITCH. 


The sum series between the limits, and given the ex- 


pression, 


Therefore, 


Although the expression for the polar moment the rivet group (Equa- 
tion was derived for row with odd number rivets, can proved 
true for row with even rivets. 


Equations (2) and (8) may substituted Equation (1) and the result 
written as, 


2 2 


a 
1.6 © (a) 
ia 
10 
3 +9 47 = 
« 
6 
O, 
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which, For constant values this equation takes the form, 


standard type equation soluble alignment chart. 
The section modulus, any group rivets is: 


and, therefore, Equation (4) may also written: 


The alignment chart, Fig. device for solving the foregoing equations. 

With any two three values known (required area rivets, number rivets, 

eccentricity), the missing characteristic eccentric riveted connection 

can determined. 


(Fig. 10, intersects the diagonal line indicate that such joint 
requires single row five rivets. 
Rows stress the extreme rivet (Fig. 


2(a)) the resultant the shearing stress and the stress due bending, 
shown Fig. 2(d). Then, 


The vertical component may obtained from Equation (2), and the 
horizontal component added vectorially; thus 


or, 


The vertical components for one row rivets are obtained from 
Equation (3), with replaced and the result multiplied two 


2 
for the two rows rivets. The horizontal components are 


the 
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therefore, 
pin 
n= 16 
2.0 
18 
(a) 
20 16 wo 
15 V 
Qa 
14 
Qo 
0.9 
nel 
7 Center of ve 
Gravity 
“ 


Fic. 2.—Two Rows RIVETS WITH 3-INCH PITCH. 


Equations (9) and (10) may substituted Equation (8), but the result- 
ing function cannot transformed fit any standard form for which 
alignment chart may plotted. Nevertheless, graphical solution pos- 
sible method developed Mr. Wertheimer, the Bureau Ordnance, 
United States Navy Department. The result may brought any desired 
degree accuracy successive approximations. The charts for two, three, 
and four rows rivets were constructed this method. case will the 
error the charts exceed per cent. 

Referring Fig. formula similar Equation (7) may written: 


| 
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For this case, 


and, 


ape 


The Fig. are series curves for constant values and 
varying values which, varies from in. in. The n-curves are 

Fig. used precisely the same Fig. With the numerical data 
Example enter Fig. 2(b) shown the broken line, which indicates 


joint four rivets, about in. apart along the axis, and 3-in. pitch. 
more than the problem solved Fig. 2(c). 


5.0 
4.0 
3.0 
Qin 15 
wo 


Eccentricity, e, in Inches 


> 


an 


Ratio Load Rivet Stress, 


(b) For 5sqin. (c) For in. 
1.0 


Example Rows Equation (11), for the 
shown Fig. 3(a): 


Eccentricity, «, in Inches 


c 
> 
| 
3 
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which, 


2 
and, 
© 
108 
before, entering Fig. 3(b) with 1.23 and 10, the broken line 
5.0 
4.0 
s <= 
o 
wo 2 
£ 13 = 
142 
Example 4.—Four Rows distance between inner rows 
rivets, and distance between inner row and outer row: 
which, 


* 


840 ECCENTRIC RIVETED CONNECTIONS Papers 


and, 


A? (= r*)? 
which, 
2 2\3 
—(n—4 
and, 


192 
Entering Fig. 4(b) with 1.23 and 10, the broken line intersects 
The formulas for Examples and are developed manner similar 


The problem riveted connections can simplified the use 
equation expressing the number and spacing the rivets required, 
function the rivet stress, and the load and its eccentricity. 

The method and charts presented this paper can extended cover 
cases other than those illustrated. 
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PAPERS 


DETERMINATION TRAPEZOIDAL PROFILES 
RETAINING WALLS 


Synopsis 

spite recent advances the theory earth pressures, that due 
Rankine still widely used engineers designing profiles for retaining 
walls. The design usually matter trial and error, suitable section 
being guessed and then verified see that satisfies the conditions 
stress required. method direct design given herein which enables 
profile determined rapidly. Cases dealt with are those walls with 
vertical and sloping backs and with the earth level with the top the wall, 
surcharged. The base width suitable wall can determined quickly 
for any value height and top width the use diagrams and simple 
mathematical formulas. 


(1) Whatever may thought the merits the Rankine theory 
basis for design. The object this paper present convenient and 
rapid method determining the profile retaining wall, which will just 
satisfy the usual criteria for strength when subjected earth 
pressure calculated this theory. 

The walls considered are trapezoidal section. The earth surface 
either inclined angle level with the top the wall; that is, the wall 
may may not surcharged. 

This problem generally involves either somewhat laborious computation 
process trial and error combination with graphical analysis. 
the help the diagrams given, the work reduced considerably. 


(2) The late Sir Benjamin Baker, Hon. Am. E., has stated’ that, 


“Experiment has shown the actual lateral thrust good filling 
equivalent that fluid weighing about lbs per cubic foot, and allow- 
ing for variations the ground, vibration, and contingencies, factor 


this paper will closed November, 1934, Proceedings. 
Civ. Eng., Univ. London (Imperial Coll.), London, England. 


Actual Pressure the late Sir Baker, 
Hon. Am. Soe. E., Minutes Proceedings, Inst. E., Vol. LXV, 
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- 


safety the wall should able sustain least fluid pressure, 
which will the case the height thickness. 

has been similarly proved experience that under ordinary condi- 
tions surcharge heavy backing necessary make retaining wall 
solid foundation more than double the above, the height thick- 


ness. Within these limits the engineer must vary the strength accordance 


with the conditions affecting the particular case.” 

The assumption fluid pressure per only gives the same 
result design based the Rankine for certain specific 
earth density and angle repose. Thus, the unit weight 
earth fill, the angle repose, and the height the wall, the lateral 
pressure the vertical face non-surcharged wall is, the Rankine 


theory, 
whereas, that wall retaining fluid density, is, 
P — PL 


For these equal necessary that, 


Equation (3) becomes, 


and for any value there will corresponding value which will 
same pressure that calculated from Equation (1). 


w 
o 


Angle of Repose, ¢, in Degrees 


Unit Weight, Pounds per Cubic Foot 


Fig. shows the range combinations and that will satisfy Equa- 
tion (4), and evident that only small region this curve gives 
simultaneous values and which are likely associated practical 
material. 


a= tet, 4 
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(3) This method viewing the problem can used more generally, 
however, since for any values and value can found from 
Equation (3), which will give exactly the same “Rankine” pressure the 
earth considered. 

This equation can written the form, 


which lends itself simple representation shown Fig. 

line drawn this diagram joining the known values and 
the two outsides lines, its intersection with the middle line gives once. 
will shown later, however, there need the value 
from Equation (2) because suitable profile can obtained directly from 
the value thus found. 

(4) The case the surcharged wall not quite simple that just 
dealt with but, nevertheless, can exhibited similar form. the 
angle surcharge, the earth pressure acting one-third the height from 
the base is, according the Rankine theory, 

and this pressure assumed act parallel the earth surface. The unit 

weight the equivalent liquid now, 


COS 


Writing Equation (8) the logarithmic form: 


which can also expressed nomogram shown Fig. 
use this diagram the value first and 
cos 


the right-hand line corresponding joined straight line the 
value the left-hand line. The intersection this connecting line 


with the middle line the diagram gives and this needs only 


cos 
multiplied the value cos already found, give 


e 
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(5) The value having thus been found 
either from Fig. Fig. (as appropriate), 
the profile the wall must determined. 
Fig. shows the section trapezoidal wall 
height, The known top width and 
the base width, determined, 

The pressure, acts one-third the height 
from the base and parallel the earth 
surface. The resultant the inclined pres- 
sure, and the weight the wall, acting 
through the center gravity the profile 
cuts the base joint Point distance, 
from Point the heel the wall. 

convenient resolve the inclined pressure, 

P cosa 

taking moments about the distance 
the center gravity the vertical forces 
from found be: 


Psinae 


- Line of Action of Resultant Vertical Force 


; 3 (B + b) + 6 P sin « 
Fic. which the wall built. Then, 


this leads the result: 


(6) the usual condition adopted, that there shall tensile stress 
the back the wall, must two-thirds, and Equation (10) then becomes: 


and the solution this equation is: 


made zero, the profile the wall triangle and, 


With Equation (12) reduces the well-known result for non- 
surcharged wall: 

(13) 


| 


; 
a 
| 
q 
q 
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The family curves plotted Fig. enables found for any 


values and and the profile triangular wall, satisfy the Rankine 
theory, thus determined directly from the value found from Fig. 
without the necessity the value 


0.6 
c 
qr ° 
35> 


0.2 


0.1 


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 
Values of Ratio, « 


(7) determine the trapezoidal profile top width, proceed fol- 
lows: Let the necessary width the base the trapezoidal section 
given Equation (11), and the base width the triangular wall, which 
would satisfy the conditions and which can found explained previously. 
Then, the reduction the base that can made, due the provision 
top width, is, B’. Substituting from Equations (11) and (12): 


sin’ 


| 
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written for Expanding the root the bracket and retain- 
ing only the first two terms giving sufficiently accurate result: 


this connection, taken from the curves Fig. Owing the 


omission terms the expansion the root the equation for this 


correction slightly smaller than exact result would give, but the small 
error introduced negligible view the nature the problem and, 
any case, the right side. 

(8) Rankine suggested that the resultant action the case earth 
retaining walls might allowed cut the base within the middle three- 


eighths instead the middle third. This makes Equation (10), 


and found that the resulting base width the wall less than 
that determined the curves this paper. 

(9) example the method suppose profile required for wall 
high, retaining earth weighing 120 per and having angle 
repose degrees. The surcharge angle 30°, the weight the masonry, 
140 per ft, and the top width, ft. 


Since cos 0.866 and cos 0.707, 0.816. Then, from Fig. 


140 


Thus, from Fig. the value for triangular wall 0.328; that is, 


0.328 6.56 ft. Since the top width ft, correction may 
applied found Equation (14), or, 


0.328 0.098 


and the base width 6.56 0.48 6.0 ft, say. will noticed that this 
thickness well within the limits suggested the late Sir Benjamin Baker 
quoted Section (2). 


| 
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This profile shown Fig. and graphical analysis has been made 
check it; thus, the weight the wall 4.0 140 200 per lin. ft. 
The earth pressure, Equation (6), equal to, 

1.366 


The resultant these forces shown Fig. and cuts the base just inside 
the middle third, thus checking the result obtained the use the curves. 


560 lb. per 


Fie. 6. 7. 


(10) When the back the wall battered, the problem more com- 
plicated, but the treatment givén has the advantage being direct 
design method which easily applied. Fig. let the back the 
wall battered angle, the vertical. Then, the resultant action 


triangle, equivalent the earth triangle, regards both 
weight and moment about Hence, the section, the equiva- 
lent wall resist the earth pressure the face, 


n 4 
3, M A 
is, 
1is 
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the pressure that would exerted the filling had density, 
and was surcharged the angle, The earth surface for this 

(Fig. 7), the methods previously explained, and correct the base width 
thus found allow for the inaccuracies involved. These inaccuracies are 
follows: (a) The absence the masonry triangle, from the sec- 
tion reduces the weight the wall from that designed, and also moves the cen- 
ter gravity away from the back; and, (b) the center pressure the 


the design. 

The effects are small and can dealt with follows: Fig. let 
the height the center pressure above Point the distance the 
center gravity vertical forces from Line and, the total vertical 


\ 
3 \ + 


or wm le 


b e Cc 
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Taking moments about Point 


given by: 
which, and are the partial differential coefficients 


and, 
Substituting these values and reducing; 
H 2 24 H 


which, the value for the equivalent filling; 


tan tan a).? The terms this expression are readily found from 


the designed profile, (Fig. 8), and the increase base width thus 
determined. 


| 
> 
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(11) example the method, consider wall following require- 
(that is, 7°.1); weight masonry, pm, 140 per ft; weight earth 
fill, pe, 100 per ft; repose, 45°; and, angle surcharge, 
degrees. 

The necessary width base, determined. The equivalent unit 
weight earth pe’ 100 126.5 per ft. the first place, 
the curves are used the example Section (9) find the necessary 
width wall with vertical back and top width tan 


The correction applied for the width is, fram Equation (14): 
4.5 0.36 0.281 

0.36 0.452 
wall thus: 7.2 0.22 7.0 ft, say. The pressure earth acting 45° 


0.22 ft. The base width the vertical back 


the vertical back is, cos 900 per wall. The vertical 


component this is, 17900 0.707 12650 per ft. weight the 
28750 
which, desired, could have been found graphically. 


0.196; 0.35; 0.225; and 1.64. Substituting these values 


Equation (15): 0.034; or, 0.68 ft. The necessary base width is, 


thus, 7.0 0.68 7.68 ft. 

check, this profile (shown Fig. will examined graphically. 
The weight the wall per foot run 7.65) 140 13500 
The weight the wedge earth resting the battered back 
(2.5 22.50) 2810 lb. The line action the resultant these. two 
vertical forces found graphically. The force acting the vertical earth 


45° the vertical. Combining these forces the resultant found cut 


the base closely the toe the wall required. 
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EARTHS AND FOUNDATIONS 
PROGRESS REPORT SPECIAL COMMITTEE 


Discussion 


has submitted much theoretical and experimental information relative soil 
that will aid the judgment concerning foundation problems, and 
generally recognized that formulation theory can substituted 
entirely for educated human judgment situations indefinite those 
pertaining foundations. However, formulation theory and observations 
sometimes offers frame which hang practical experience. For example, 
modern very respectable science, has been developed largely from 
semi-rational semi-empirical formulas which experimental coefficients and 
factors were used allow for variable conditions, refinements being intro- 
duced from time time through the years. 

Perhaps foundation problems should approached similar 
manner, the accumulated knowledge soil physics, which the Committee 
has contributed significantly, might precipitated forms that would 
more readily usable engineering offices without incurring the danger 
“ease-hardening” that would stifle further growth the science. order 
this, the theory and observed data should resolved into forms dependent 
upon soil characteristics which are either known can determined readily 
with simple apparatus. 

Two principal questions arise foundation design affected the soil: 
(1) What unit load may placed given soil without serious settlement 
and (2) what will the settlement soil under prescribed 


Progress Report the Special Committee Earths and Foundations 
was presented the Annual Meeting, New York, Y., January 18, 1933. and published 
May, 1933, Proceedings. Discussion this report has appeared Proceedings, 
follows: August, 1933, Messrs. Wileoxen, Parsons, William Kimball. 
and Middlebrooks; September, 1933, Messrs. Daniel Moran, and 
Cummings; October, 1933, Messrs. Edwin Beugler, Jacob Feld, George 
and Charles Terzaghi; November, 1933, Messrs. John Griffith, Harry Sawtell, 

Dean, Coll. Eng., Univ. Iowa, Iowa City, Iowa. 


Received the Secretary April 12, 1934. 


i 
| 
4 
| 
| | 
| 
} 


854 WILLIAMS EARTHS AND FOUNDATIONS Discussions 


With regard the first question, several factors affect the result, involv- 
ing both the footing surface and the soil characteristics. The writer has 
pointed that the area and shape the footing constitute one these 
factors, the relation being that the supportable load, varies as: 


which, the area the footing, square feet; the elementary com- 
pressive resistance; the perimeter, feet; and the shear per 


linear foot around the perimeter. This expression may changed the 
form: 


sion previously cited, may taken which, the ratio moduli 


rigidity the soil shear and compression, and the coefii- 


cient internal friction. The expression then becomes or, 


Soe. E., has given some observed values these properties.” Average 
values may taken for sand, for clay, and for loam. Values 
are available engineering handbooks. 

analysis considerable number soil loading tests indicates, that 
the supporting capacity any soil varies between the lower and upper limits 
for that soil type proportion the density weight. All minerals soils 
have essentially the same specific gravity; hence, the unit weight the undis- 
turbed soil measures the density with sufficient accuracy. Spreading this 


range over average variation, the relation may stated as— varies 


which, the weight per cubic foot sample the undis- 


turbed soil, and taken the least unit weight soil that can practically 
used support load. 


sng 
resistance soils attributable Rankine, being the angle internal 
friction, although adapted from preceding theory. normal mathemati- 
cal procedure would set formula involving the product these 


“Physical Properties John Griffith, Bulletin 101, Iowa Eng. Ex- 
periment Station. 


The relation, 


the governing theoretical factor the passive 
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factors, since the supporting capacity varies with each, and introduce 
observed coefficient order relate the result actual conditions. 
The formula for the allowable average unit soil load, therefore, would be: 


which, coefficient involving and, perhaps, certain other elements. 

comparative study number soil tests related successful 
loadings indicates that may taken 3.0 for practically zero settlement, 
when kips per square foot. The value may visualized the 
unit supporting capacity standard soil load under certain standard con- 
ditions loading. 

Equation (76) gives loading range for gravel under footing square, 
from about 1.2 tons per ft—for porous material weighing 100 per ft, 
and containing sufficient clay reduce the value 0.4—to 6.5 ‘tons 
per for compact well-graded gravel weighing 120 per and hav- 
ing coefficient friction gives range for clay from 0.5 ton per 
for soil weighing 100 per ft, with friction coefficient 0.1, 
tons per for dense hard clay weighing 130 per and having 
friction coefficient 0.5. 

The second query may resolved similar manner. The modulus 
compressive rigidity found vary roughly with the inverse the fourth 
root the intensity the pressure, may inferred from test data 
Professor Griffith cited Owing the spread the load through 


the soil, the intensity compression varies roughly with being the 

depth. From these facts, the total settlement may assumed vary ap- 

proximately which, the thickness the compressible soil stratum 


within the range the depth affected. The depth affected uniform 


the soil will sustain within its elastic resistance; the actual intensity 
the soil load under the footing; the least width the footing; and the 
coefficient internal friction. observation that tends substantiate this 
relationship the case symmetrical library building resting com- 
pressible layer yellow clay varying thickness from one end 
building the other. The observed settlement was in. one end 
and about in. the other. 


From the foregoing discussion, the settlement would appear vary in- 


also varies directly with which, exponent that depends the 
degree saturation the soil. general, the exponent shown 
the settlement curve test loading. Data hand are not sufficient de- 
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which, the actual percentage water present (in terms the dry 

weight), and the percentage the plastic limit, the results agree rea- 

sonably with the test curves, which the percentages water are estimated 

from general descriptions. 


The formula for settlement foundation, inches, then becomes, 


settlement per kip load, standard soil thick under standard load 
test with moisture present. The plastic limit the percentage water 
present, terms the dry weight, when the soil can rolled cylinders 
in. diameter. Inasmuch the term has significance for sand, 
may replaced for sand the formula ws, the percentage present 
saturation. 

Again, comparing with tests and observed field data, which percentages 
water and weights material are estimated most cases from the general 
descriptions conditions, the value found 0.02 for clay soils, 
and 0.01 for sand and for hardpan. 

For example, according Equation (77), the settlement under footing 
square, carrying kips per clay soil weighing 110 per ft, 
having coefficient internal friction 0.2, plastic limit 12%, with 
water actually present, would 0.4 in. the moisture should 
increased 24% (near saturation) and all other factors kept constant, the 
settlement would increase about 1.4 in.; or, the load should doubled, 
with other conditions constant, the settlement would about 1.5 in. 

the soft clay under the tank .of “Case B,” the Committee’s report, 
assumed supersaturated with 30% moisture present (having plac- 
tic limit 12%, and weighing about per ft, and having coefficient 
friction 0.1), Equation (77) would predict about in. settlement. 

the soil within the range pressure influence consists two more 
different strata, the pressure each successive stratum can estimated 
assuming spread governed the angle internal friction, the settlement 
for each layer similarly calculated, and the summation taken the total 
settlement the surface. 

addition the aforementioned considerations, attention should 
the fact that the settlement clay soils varies about the square 
root the time, continuing frequently for some years, as, for example, the 
cases cited the Committee and Lazarus White,” Am. 
The settlement footings sand and gravel, which the air and water 
present are displaced readily, occurs essentially while the load being applied. 


Soils that are predominantly clay behave clay even though considerable 
quantities sand and gravel may present. 


Transactions, Am. Soc. E., Vol. (1929), 341. 
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Unfortunately, the test data and field observations hand are not 
ciently detailed afford basis for determining the empirical factors 
Equations (76) and (77) with finality. However, the values assigned give 
results consonant with scattered observations and Equation (77) should indi- 
cate roughly the settlement that may expected, comparable accuracy, 
perhaps, with retaining-wall theory. Both formulas are proposed primarily 
with view crystallizing, possible, the voluminous, but rather dispersed, 
soil observations with the profession has been favored recent years. 
They are predicated the assumption that adequate tests and explorations 
will made the site determine the characteristics the soil and the 
strata involved. 
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DISCUSSIONS 


MODIFYING THE PHYSIOGRAPHICAL BALANCE 
CONSERVATION MEASURES 


Discussion 


focused attention much neglected phase water conservation the 
United States. Europe, the evils resulting from disturbing the physio- 
graphic balance which exists any water-shed between erosion, run-off, and 
the débris-carrying capacity streams, have attracted considerable attention. 
The situation the Rio Grande, described the author, shows clearly 
that the time has come for American engineers look ahead and profit from 
European experience. This the more important view the large num- 
ber flood-control and water conservation projects now under consideration. 
far the writer informed, little thought appears have been given, 


any these projects, regarding the ultimate effect their operation 
the stream channels below them. 


Channel deterioration two distinct kinds: 


(a) Excessive bed scour the reach immediately below reservoir, caused 
lack sufficient débris load absorb the energy the released water 
normally available for débris transportation; this assumes all the bed load and, 
least, part the suspended load lodge the reservoir. 

(b) Loss cross-sectional area the lower reaches due the inability 
the reduced stream flow remove débris accumulations contributed un- 
controlled tributaries emptying below the reservoir. illustrated the 
Rio Grande case, both forms deterioration, although opposite types, may 
occur the same stream. fact, the conditions cited under Class (a) 
operate aggravate those under Class (b). either case, the hydraulic 
gradient eventually becomes affected, after which restoration normal carry- 
ing capacities for both water and débris cannot accomplished except 


paper Sonderegger, Am. Soc. E., was published Decem- 
ber, 1933, Proceedings. Discussion this paper has appeared Proceedings, follows: 
March, 1934, Messrs. Chapman, and Debler: April, 1934, Messrs. 
Frank Bonner, and Jarvis; and May, 1934, Messrs. Rowe, and 
Stevens. 

Prin. Engr., Office Pres., Mississippi River Comm., Vicksburg, Miss. 
Received the Secretary April 19, 1934. 
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considerable cost. noted that the conditions under Class (a) are 
readily checked providing suitable sill dams, whereas conditions under 
Class (b) are not easily rectified; and they are not checked the start they 
lead serious losses channel capacity. 


most projects interference with the physiographic balance, described, 
can minimized not completely eliminated careful priori evaluation 
soil erosion and run-off conditions the one hand, and the débris- 
carrying capacities streams the other hand. The principle involved 
that any stream, viewed débris carrier, requires for its channel mainte- 
nance the flushing action bank-full, nearly bank-full, discharges 
appropriate times. Furthermore, intelligent operation reservoirs can pro- 
vide such discharge included essential feature project design and 
operation. The reason why comparatively little channel deterioration has 
resulted the Eastern United States from failure observe these require- 
ments, that water utilization there still its infancy. Most reservoirs 
are not large enough prevent major floods from spilling large volumes into 
the river below, and, therefore, not materially curtail the flushing action 
flood flows. the arid Western States where for economic reasons water 
conservation has been extended farther, reservoirs large enough absorb 
most the flood flow are found many streams. such cases that 
the effects channel deterioration are most noticeable. The author has 
given clear portrayal the problem affects these Western conditions. 

One factor enters into the problem, which heretofore has received little 
attention. This the resistance scour and transportation water the 
part débris accumulations which have aged and become compacted. Com- 
paction this kind much more pronounced Eastern than Western 
streams, circumstance which tends mitigate channel deterioration the 
latter. While bank-full flow practically necessity for removing débris 
accumulations Eastern streams, probable that much less than bank-full 
discharge does effect such removal from streams the arid West. Accurate 
data this latter aspect are greatly needed. Certain is, that the physio- 
graphic balance Eastern streams dependent more frequent high rates 
discharge than the arid West, and that the streams the latter during 
high stages carry vastly greater débris load than Eastern rivers flood. 

important difference appears lie the relative degrees compaction 
the débris. the East, stream flow perennial, and any materials left 
lie undisturbed under water compact rapid rate, especially during the 
summer and fall when organic matter all kinds very active, and bed-load 
movement practically ceases. Agglutination the sediment particles results, 
and this, added the mechanical bond brought about the puddling action 
water which tends fill the voids between large particles with smaller 
ones, enhances cohesion marked degree. The finer silts and clays com- 
pact more firmly than the coarser sands and gravels. the arid regions, 
stream beds are dry partly dry for many months each year. Oxidation 
matter, sunlight, and wind then operate reduce compaction. 
flood flow such streams usually subsides rapidly, débris deposits not lie 
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submerged long enough for compaction reach high stage development; 
and this will account for the notoriously mobile character the materials 
composing the dry beds Western arroyos and rivers. This mobility facili- 
tates their transportation when flow resumes. 

Deforestation, overgrazing, and soil erosion have received increasing atten- 
tion late years, but the necessity maintaining unimpaired débris-carry- 
ing capacity streams has not come for the attention that due it. 
Evidently, has not forced itself sufficiently the attention those who 
have the power correct it. Impairment natural channels its incipient 
stages, not easily recognized and, like insidious disease, its symptoms are 
not manifest until advanced stage reached. This makes all the more 
important for the Engineering Profession alert this matter. 
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DISCUSSIONS 


INVESTIGATION WEB BUCKLING 
STEEL BEAMS 


Discussion 


failures beams may occur any one the following ways: 
(1) Yielding the web material; (2) shear diagonal compression buck- 
ling; and (3) buckling points load concentrations. The tests reported 
Messrs. Lyse and Godfrey, steel beams with depth-thickness ratios 
less, involved principally the first type failure. While their observa- 
tions are valuable contribution present knowledge web behavior, the 
investigation can scarcely considered one dealing with the interesting 
phenomena web buckling and its related problems. 

This discussion contains brief description series tests 
aluminum alloy I-beams and girders involving web failures each the 
aforementioned types conducted the laboratories where the writers are 
employed. Table summary the results obtained several different 
sizes rolled and extruded I-beams the duralumin type alloy known 
The following are the nominal mechanical properties this 
Tensile strength, 58000 per in.; yield strength, 35000 per in.; 
elongation in., 20%; modulus elasticity, 000 000 per in.; shear 
strength, per in.; and shear yield strength, per in. 

All the beams Table failed the web. Tests Nos. and 
the web failed buckling column over the reaction. Test No. 10, 
failure buckling column under the load point. Tests Nos. 
and failure occurred yielding the material, complicated the 

Tests Nos. and some column buckling the web. None 
the foregoing failures resulted from elastic instability the web, permanent 
set being encountered every case. This not surprising, however, since 
the depth-thickness ratios ranged from about for the 5-in. I-beams about 
for the 12-in. I-beams. According the theory buckling flat plates 


published February, 1934, Proceedings. This discusssion printed Proceedings 
order that the views expressed may brought before all members for further discussion. 


Research Engr., Aluminum Research Laboratories, Aluminum Co. America, New 
Kensington, Pa. 


Research Engr., Aluminum Co. America, New Kensington, Pa. 
Received the Secretary May 11, 1934 
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shear, elastic buckling Alloy 17S-T becomes critical for depth-thickness 
ratios 52, more.” 


Average 


square inch 


1 12.3 5 0.210 12 6 55 000 26 200 None 

2 12.3 5 0.210 24 12 43 400 20 600 None 

12.3 0.220 000 200 Load and reaction 
12.3 0.220 900 200 Load and reaction 

229.4 0.435 124 000 800 None 
10 229.4 12 0.430 72 12 138 200 22 400 Reaction 


interesting note that most the failures column buck- 
ling points load concentrations. Failures this type seems occur 
when the average compressive stress exceeds the column strength the web. 
computing this stress has been found that the load reaction may 
considered uniformly distributed over area equal to: 


which, addition the notation the paper, effective length 
bearing-block, inches. This area should considered symmetrically 
placed with respect the load reaction and should altered the case 
the latter the overhang the beam shorter than h). 
beams normal proportions, without stiffeners, column buckling the web 
points concentration more likely than any other type 
web failure. Messrs. Lyse and Godfrey prevented this except the 
preliminary tests, means web stiffeners, end plates, and suitable bearing- 
blocks points concentrated load and reaction. 

Test No. (Table interesting example what may accom- 
plished the use stiffeners increasing the web strength beams. 
load corresponding average computed web shear 200 per in., 
almost double the nominal shearing ultimate stress, was carried without pro- 
ducing complete failure the beam. Test No. without stiffeners, the 


found Test No. and Test No. although the strengthening effect 
the stiffeners was not nearly pronounced. Fig. view Specimens 
Nos. and showing the shearing distortion possible without actual rupture 
the metal. 

Values ultimate strength and cgrresponding average shearing stresses 
the web have been given Table values have been given for the 
yield points the beams because the load deflection curves break over too 
gradually permit the selection vaiues which are consistently satisfactory. 


average stress failure was only per in. similar comparison 
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Theoretically, beams will begin yield when either the web flange stresses 
first exceed the elastic range the material, and since the ordinary formulas 
are quite accurate within the elastic range, the load correspond- 
ing the first yielding beam can calculated quite definitely the 


Fic. I-BEAMS (TESTS NOS. AND TABLE 2). 


stress-strain relations the material are known tension, compression, and 
shear. should pointed out this connection that aluminum alloys have 
pronounced yield point such mild steel and, for this reason, the yielding 
very gradually and the point first yield does not represent distinct 
change behavior beam under load. The ultimate load-carrying 


Two Stiffener Angles 


41700 


PRINCIPAL STRESSES WEB WITH CONTOURS EQUAL 
PRESSIVE STRESS, 


capacity beam, determined experimentally, generally much more 
definite value use comparison beams which not fail elastic 
buckling and one which, the opinion the writers, considerable im- 
portance the designer. 
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Stresses 
from 
Flexure 

Formula, 
Aluminum 
Research 
Laboratories 


Two Angles 


Two Angles 


2800 


Average ea Shear 


Two Stiffener Angles 


VERTICAL STRESSES 


STRESSES THE 12-INCH I-BEAM USED 10, TABLE 


(a) HORIZONTAL STRESSES 
: | 
VERTICAL SHEARING STRESSES 
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Figs. and show the distribution stress the 12-in. I-beam used 
Test No. 10. The stress determinations were made 2-in. Berry strain- 
gauge, all measurements the web being taken rosettes (four gauge lines 
intersecting point) spaced centers over the area adjacent the 
load and reaction point. All readings were taken both sides the web and 
averaged. view the Messrs. Lyse and Godfrey that 
the average web shear computed the basis the net area the web 
attention called Fig. 24(b). The agreement there between the 
measured stresses and the average shear the gross area very 
satisfactory. The use net area seems even when, shown 
for the welded beams the steel series, gives average values greater than 
the maximum computed the rational formula. 

Fig. shows aluminum alloy plate girder, in. deep (24 in. clear 
depth) with web, which numerous tests have been made connec- 
tion with study elastic buckling phenomena. Strains and lateral deflec- 
tions the web were determined for different positions load, sizes bear- 
ing-block, and arrangements vertical and horizontal stiffeners. While the 
results obtained are too comprehensive presented here detail, 
believed few observations will interest. 


ALUMINUM ALLOY PLATE GIRDER. 


When web stiffeners were used, failures the web occurred elastic 
buckling column directly under the load. was found that the loading 


required produce this type failure could predicted reasonably well by. 


the same method outlined previously connection with the discussion 
Table same type failure also occurred when stiffeners were used 
and the load was applied between the stiffeners. such cases was found, 
however, that computing the compressive stresses the load should 
considered uniformly distributed over area equal to: 


a 
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which, the clear distance between stiffeners, and the other terms are 
previously defined. 

When the web was properly stiffened points concentrated load, shear 
diagonal compression buckling was obtained. Since the lateral deflections 
occurred gradually, however, almost from the first application the load, 
was difficult select point which the buckling the web might said 
critical. some instances, deflections much in. were ob- 
served without permanent set. While this behavior made impossible 
obtain precise experimental check the theory elastic buckling,’ the 
writers believe the theory satisfactory for predicting loads which 
the lateral deflections may become appreciable. was quite evident, however, 
that the computed buckling strength the web was not necessarily criterion 
its ultimate capacity. 

double-web box girder Alloy 17S-T was investigated for web buckling 
much the same manner previously described. webs this girder 
were in. deep in. thick, having ratio unsupported depth thick- 
ness 172. The results the tests this specimen tended confirm those 
obtained the plate girder. was particularly noticeable this case that 
the elastic buckling the web was not definite indication the ultimate 
load-carrying capacity the specimen. Even after relatively large lateral 
deflections were observed, the girder continued carry higher loads with 
evidence permanent set other distress. This point considerable 
interest designers because there sometimes tendency over-emphasize 
the importance elastic buckling. structures which the load-carrying 
capacity considerably exceeds the point elastic buckling, the writers can 
see reason why both factors should not considered design. 

concluding this discussion, the following points may summarized: 


normally proportioned beams, without stiffeners, column buckling 
the web points load concentrations more likely occur than any other 
type web failure. 

2.—When stiffeners are used points concentrated reaction, 
the ultimate load-carrying capacity beam may exceed considerable 
extent the point which yielding the web material begins. 

there marked yield point aluminum alloy beams the 
ultimate load-carrying capacity seems the most essential information 
obtained from beam tests which elastic buckling occurs. 

4.—The measured distribution stress the web 12-in. I-beam indi- 
cates that the average shearing stress should computed the basis gross 
area the web rather than net area, recommended Messrs. Lyse and 
Godfrey. 

5.—The buckling thin webs gradual rather than sudden phenome- 
non that difficult obtain precise experimental check the theory 
elastic buckling. However, the theory apparently provides satisfactory 
means determining the loads which the lateral deflections may become 
appreciable. 
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DISCUSSIONS 


ANALYSIS SHEET-PILE BULKHEADS 


Discussion 


AND RAYMOND PENNOYER 


Fig. represents advanced method analyzing bulkhead, which takes into 
account the restraining action the ground and the relieving action the 
piles back the bulkhead. recognizes, well, the fact that the passive 
resistance the soil will some value greater than that given the un- 
modified Coulomb formula. The author himself states that the theory upon 
which this investigation based defective, and devotes much the re- 
mainder the paper demonstration how hopelessly involved the dis- 
cussion becomes when effort made develop better theory. 

This excellent paper, giving the results painstaking research and 
investigation; presents much information not heretofore generally available 
the English language. The writer has found some parts the mathemati- 
cal treatment confusing and difficult follow, and ventures suggest that 
the addition table notation would improvement. 

Perhaps theory design should not extended include 
scrutiny thé assumptions facts, but most engineers will agree that 
any design such assumptions should conform reasonable expectations. 
The author presents Fig. analysis the bulkhead Long Beach, 
Calif. becomes order, therefore, comment the asserted physical 
conditions there shown, well review the admitted defects theory. 

While generally referred the Coulomb formula, understood 
that the expression, (45° not the exact form originally 
developed Coulomb. For many years, however, this formula has been the 
basis for most discussions concerning earth pressures. The symbol, was 
originally used designate the angle repose cohesionless granular 


paper Paul Baumann, Am. Soc. E., was published March, 
1934, Proceedings. this paper has appeared Proceedings, follows: 


May, 1934, Jacob Feld, Assoc. Am. Soc. 
Engr., San Francisco, Calif. 
Received the Secretary April 16, 1934. 
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Discussions 


material, and has been utilized many standard texts. Numerous 
tables angles repose various materials have been published. However, 
when materials are not cohesionless the term, “angle repose,” becomes mean- 
ingless, since the surfaces they will assume, will not planes and will vary 
with the height bank being observed. has long been recognized that 
should regarded the angle internal resistance rather than the 
angle repose. When the internal unit resistance shear was considered 
the sum the true friction plus constant due was 
possible form conception considering that was that angle the 
tangent which was the shear divided the normal pressure. present, 
recognized: (1) That the given material may not con- 
stant for different depths; (2) that the cohesion varies with the moisture 
content and probably with the pressure; (3) that the surface rupture not 
plane, but dependent the values cohesion and friction; and (4) that, 
addition being dependent upon other things, the horizontal pressure 
against wall also some function the motion the wall. Recent mathe- 
matical discussions have attempted take all these factors into account and 
still retain Under these circumstances difficult form any conception 
and certainly far from being the angle repose. The best defini- 
tion for this angle present would that angle which, when used the 
Coulomb formula, will give the correct answer. suggested that confusion 
would avoided was reserved for its original meaning and some other 
symbol was used modern formulas. 

The method followed the author determine the value open 
two objections. has never been proved that the surface angle repose has 
any direct relation the internal pressure, and there reason think 
that surfaces repose samples in. high will the same the 
angle repose for bank high. 

Permanent deformations exhibited the piling from the test wall indi- 
cate that there must have been considerable degree restraint the 
corners the tank. This restraint could not attributed the copper 
seals, which appear have sufficient flexibility, and must have been due 
arching action against the unloaded ground each side that against which 


‘pressure was directly exerted. Any such restraint would cause the wall 


appear stiffer than was actually the case and would result correspondingly 
high computed value the interlock efficiency. This circumstance, together 
with the fact that the curve assumed the piling below the surface the 
ground must estimated, would tend cast some doubt the experimental 
determination the interlock efficiency that the passive re- 
sistance. further uncertainty introduced through the arbitrary assump- 
tion the relation between the passive resistance back the wall and the 
same resistance front the wall. 

having derived value for the passive resistance the test case 
process involving assumptions the passive resistance back the 
wall, assumptions the water pressure the ground, both front 
and back the wall, and derived value the stiffness the sheet-piling, 
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the author then derives from the passive resistance thus obtained “effective- 
ness factor” applied the Coulomb formula. Aside from the question 
whether not the passive resistance the test case has been correctly 
determined, and aside from the question using for values obtained from 
observations the surfaces small samples, the writer knows warrant 
that the same any other effectiveness factor would proper for the condi- 
tions shown Fig. the observations have been made with any approach 
accuracy, there must something wrong about theory that culminates 
order get the correct result. 

Leading authorities now agree that one fault with the Coulomb formula 
lies its neglect include the effect friction against the face the 
bulkhead. This friction only becomes effective apparently when there 
appreciable movement the wall outward. Equations (16) (58), inclusive, 
are presented show the effect such friction and, them, the rather new 
theory introduced that function the displacement the wall. 

That the Coulomb formula, with the addition “effectiveness factor” 
may give questionable results, evident from the author’s actual application 
Fig. From tests experimental box, described the paper, 
was determined that the effectiveness factor should 1.68 for this material 
when had been deposited fill, and for the (assumedly) undisturbed 
material the toe slopes was estimated that factor would suitable. 
Using that factor, passive resistance 20400 per lin wall 
obtained for the toe slope Berth Where the “net passive resistance” 
400 (referred the summary findings preceding Equation (2)) 
from, not clear, but the former value the one given Fig. 
rough check the credibility this quantity may obtained considering 
against sliding along plane joining the bottom the sheet-piles 
the nearest point the bottom the channel. 

The elevation the bottom the channel 36.0 (at least, was 
agreed this work pay for excavation that depth). The elevation the 
bottom the sheet-piles 38.75; the difference elevation between 
the two points is, therefore, 2.75 ft. The horizontal distance between points 
32.5 ft, and the slope is, therefore, 2.75 32.5 0.0847. Using the author’s 
value per for the weight the material, submerged, simple 
shows that the submerged weight lin the ideal toe slope 
this point 14600 Since the prism must shoved adverse 
grade, the actual weight should multiplied the factor, 1.0847, giving 
effective weight against sliding 15835 Now, the author’s value for 
the passive resistance this prism correct, the coefficient this material 
against sliding itself must 20400 15835 1.29. the construction 
hydraulic-fill dams coefficient 0.35 considered safe, although observa- 
tions have shown that, times, the coefficient may reach value much 
0.75. Any conclusion the effect that fine sand saturated with water 
can oppose resistance sliding equal one and one-quarter times its own 
weight seems neither conservative nor reliable. 


> 
B 
iy 
"9 
n 
- 
4 
4 
a 
r 
, 
a 
q 
A 


VAUGHN ANALYSIS SHEET-PILE BULKHEADS Discussions 
The author states that American manufacturers advocate the use 75% 
the interlocked section modulus for steel sheet-piles. far the writer 
has been able learn such recommendation has been made American 
manufacturers except with the qualification that, such modulus 
used, some positive means prevent slipping along the interlock must 
adopted before any load applied against the piling. 

sum the objections the theory upon which the analysis given 
Fig. based: assumed that constant and equal the observed 
angle small sample, whereas there reason believe that neither assump- 
tion true. assumed that the surface rupture plane, whereas 
generally admitted that such will not the case. The method takes 
cognizance the effects friction the piling. The manner which the 
passive resistance obtained gives result which, for this class material, 
almost impossibly high. The use interlocked section modulus 
questionable the absence definite and positive means for preventing 
slippage along the interlock. The author points out many these objections 
his paper. 

Turning now the assumptions fact. These are two number: (1) 
The assumption that the toe slopes would undisturbed and should retain 
their theoretical dimensions; and (2) the assumption that the elevation the 
water back the wall would 3.5, which practically mean sea level. 

The author states that the toe slopes had been undercut and that view 
the importance the slopes this was dangerous procedure. The dredging 
was conducted the only practicable manner which the required channel 
could excavated with cutter type pipe-line dredge. the other hand, 
the design was seriously defective that the bulkhead had been placed 
within 32.5 channel 36.0 deep, and that the maximum penetration 
the piling was only 2.75 below the contract depth the channel. 
Especially view the unstable and easily erodible character the material 
Long Beach not too much state that any method excavation 
would have been dangerous under the 

The manner which hydraulic dredge excavates not widely known 
outside dredging circles and some description necessary. The entire 
machine rotated bodily about fixed point the stern, while successive 
swings the cutter lowered suitable depths, thus removing the material 
horizontal layers. There method control which the depth can 
varied with any degree accuracy the dredger swings from side side; 
that is, the cutter cannot slid down slope. floating machine, 
more than 200 long, weighing several thousand tons, controlled wires, 
and often operating rough water, cannot manipulated with extreme 
precision; but unquestionable that, proper adjustment the width 
swing the depth cutter, the latter could placed within very few 
feet the theoretical side-slope line each swing. first sight, would 
reasonable believe that this manner practically perfect side slope 
could excavated. 
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However, while the dredge can swung any desired width sidewise, 
cannot moved ahead, and the cutter lowered successive swings 
nearly vertical bank, circular plan, left ahead the machine. the 
material would stand such vertical bank until the dredge could 
advanced position for the next series swings, there would dif- 
ficulty. Almost invariably, however, the bank will cave down suddenly 
large mass when the cutter has reached some point near the bottom the 
Much this material will fall into position back the path 
the cutter and cannot reached. Likewise, some the material will fall 
the side slopes which have just been formed, will tear loose more less 
the material which has been left there and, with that addition, will also 
slide down into the cut and come rest some point where cannot 
reached. For this reason usually found that attempt made 
dig the side slopes exactly line, the result will large and unexpected 
amount apparent over-dredging there. the width swing narrowed 
attempt let the material take its own slope, temporarily the slopes 
will stand unnaturally steep angle, only cave down later and shoal 
the channel after the dredge has passed. 

One method overcoming the effect caving would traverse the 
entire length channel repeatedly, removing one layer material each 
trip. The ordinary pipe-line dredge not adapted such operation and 
were attempted the output would greatly reduced and the cost 
dredging would correspondingly- increased. owner would willing 
meet the increased cost and contractor who contemplated this procedure 
would ever get any work. 

the other hand, attempt made finish the channel the 
first trip excessive amount over-dredging both sides and bottom 
required, as, otherwise, shoaling will which will necessitate clean-up 
operation. Consequently, compromise reached. 

least one clean-up trip cannot avoided (except where the cuts are 
very light) and, therefore, just well leave enough material 
worth while the second trip. the first passage the dredge swung out 
over the side slopes and most the material above the slope line removed. 
This operation necessarily series steps which will partly above 
and partly below the slope line. effort made proportion the steps 
that the material which remains above the slope line, plus whatever 


expected cave from the bank ahead, will just about fill the holes below the 


slope line. effort made bring the bottom down grade; about 
material left for the clean-up. 

the clean-up trip further dredging done the side slopes except 
the toe; fact, the cutter never raised more than foot two above 
the bottom any time this trip. Dredging along the edges the channel 
will again disturb the material the slopes and, some delayed time, 
least some additional material will slide down. the clean-up restricted 
the specified channel any material that slides down will fall into it, shoal- 
ing along the edges and making another clean-up necessary. the 
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custom, therefore, swing the cutter short distance over the line order 
provide space into which such additional materials may come rest 
without encroaching into the required channel. The slopes, when certain 
materials, may not reach condition final equilibrium for weeks even 
months after the clean-up has been made. not possible, therefore, 
determine with any degree exactitude, means soundings, just how 
much extra width must dug; necessary guess it. the clean-up 
carried too wide there will much excess excavation for which pay- 
ment received. the swings are kept too close the line another clean-up 
will necessary. Long Beach the records showed that, following progress 
surveys, was found necessary return and clean various portions 
the edges the channel often three four times, order obtain the 
required depth along the lines. Such operations cannot conducted without 
some additional disturbance the material the slopes. 

This stepping the slopes and slight overcutting the toe the under- 
cutting process which the author refers. There nothing precise about it, 
but the best that can done. During experience extending over 
period years the writer has never known job where this 
process, some variation it, was not used. that time, has not seen 
even one job which some surplus material had not been removed from the 
slopes. 

view the uncertain behavior all earth, and view the un- 
avoidable limitations the dredging process, the writer’s 
opinion that would most unwise for designer rely upon obtaining 
undisturbed side slope specified dimensions along any channel. 

Where the purpose bulkhead retain the fill back apron 
wharf, the temptation great place the bulkhead close the channel line, 
thereby reducing the width and cost the wharf. Observation and experi- 
ence indicate that most materials dangerous depend upon the em- 
bankment above the level the bottom the channel for much support 
unless the horizontal distance between the bulkhead and the channel least 
one and one-half times the vertical distance from top fill bottom 
channel. Even with such proportions, the field engineer should prepared 
reinforce the embankment with rock the first sign weakness. 

The second assumption fact has with the water pressure which 
the wall was subjected. The method used determine the water level would 
have been satisfactory this had been merely investigation determine 
the stability the bulkhead the time the observations were taken, but such 
was not the case. This analysis was undertaken determine whether not 
the original design had been adequate. The actual water load which the 
bulkhead would unavoidably called upon resist during the construction 
period far excess that corresponding the assumed water level. 
This the most serious error the analysis. Even had all assumptions 
section modulus, active pressures, and passive resistances, been fully real- 
ized, the bulkhead would have failed the fill had been placed the 
hydraulic method, which the one specified the contract. Since, un- 
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doubtedly, unsuspected water pressures have been the bottom many bulk- 
head troubles, and since the pressures that may arise hydraulic fill have 
been but little and are not widely understood, follows that this 
worthy some consideration. 

During the progress the trial which the author refers effort was 
made justify the assumed water level the grounds that preliminary 
embankment should have been placed behind the bulkhead and that this, to- 
gether with the relieving platform, would have prevented any higher level 
against the wall. fact, even suitable material for the purpose had been 
available, the preliminary embankment would have been only limited value 
this case, while the relieving platform made things much worse instead 
better. 

There tradition the dredging business that the best thing 
with weak bulkhead pump embankment behind before impounding 
any head water. The writer has not encountered completely satisfactory 
explanation the manner which this procedure relieves the pressure 
against the bulkhead; and appears that may not always so. 

The usually accepted explanations are: (a) That the materials first de- 


posited have time settle, consolidate, and develop cohesion; (b) that 


presence the embankment will prevent the crowding any semi-liquid fill 
against the bulkhead; (c) that the natural grading process due the action 
the water leaves the heaviest particles, presumably those with the greatest 
internal resistance, against the bulkhead; and, finally, (d) that 
the embankment “keeps the water away from the bulkhead.” Except for the 
last one these explanations appear rather reasonable. 

When discharging Long Beach, the dredge was pumping the rate 
about per sec, which only about was solid material; the re- 
mainder was water. When embankment pumped against bulkhead, 
together with such surplus water, impossible believe that the 
material not completely saturated, which means, course, that the water 
level the soil will rise the top the bulkhead. follows, therefore 
the commonly accepted theory), that the time the embank- 
ment being placed against the structure the latter must withstanding 
full head water. However, bulkheads have been used, successfully, which 
obviously could not withstand such head water, let alone additional 
pressure due earth. question naturally arises how such state 
affairs could possible. 

The answer this seeming paradox lies partly the character the 
bulkheads which have been used and partly rather obscure phase 
the behavior ground-waters. Imagine, first, high conical pile earth rest- 
ing flat impervious surface. Suppose this earth saturated and 
kept saturated constant addition water the top the cone. 
According the theory water pressures saturated earth, it. might 
supposed that the water pressure the base, immediately under the apex, would 
that due head water equal the height the cone. Such 
would not the case, however, because the water would free flow down- 


7 4 
al 
| 
4 F 
| 
q 
| 
q 
7 


874 VAUGHN ANALYSIS SHEET-PILE BULKHEADS Discussions 
ward and outward through the earth. Any flow water through the earth 
results relatively great loss head. The true variation pressure 
throughout the cone involves some complicated considerations, but obvious 
that flow would take place and, therefore, full static head would not exist. 

Suppose that the cone divided vertically and that one-half 
replaced impermeable bulkhead. From considerations symmetry 
evident that the pressure against the bulkhead would that which had 
existed along the same plane the cone. This now represents the condition 
that exists when pumping first started place embankment back 
wall. the fill accumulates, the end the pipe, the apex the cone, 
gradually shifted along the wall until finally complete embankment has 
been placed. the pipe end shifted there follows beneath triangular 
area water pressure, the intensity which varies from maximum verti- 
cally under the pipe zero the edge the cone saturation. evident 
that the total area bulkhead subjected water pressure one time 
limited, that some support may gained from adjoining parts the wall. 
also evident that point there pressure due the full height 
water above it. the actual case, conditions are further complicated the 
circumstance that the surface supporting the embankment also permeable, 
thus permitting direct downward flow and further reduction water 
pressure. the supporting ground happens saturated, the variation 
pressure throughout this ground-water also becomes complicated. 

the bulkhead, instead being impermeable, has numerous leaks through 
there will additional and very substantial reduction pressure 
corresponding the increased velocity the water saturation occasioned 
the escape water through the leaks. Until recently nearly all bulkheads 
encountered the dredging business have been wooden ones which were any- 
thing but tight. has been connection with such leaky bulkheads that 
the embankment technique has been developed. This may most im- 
portant point. Some modern types bulkhead should nearly impermeable, 
and likely that such structures will not experience the degree relief 
from water pressure through the use embankment which past experience 
with leaky bulkheads would indicate. All designers impermeable bulkheads 
for use connection with hydraulic fills should give the subject water 
pressure serious consideration. 

thus seen that, provided water impounded, possible pump 
embankment back wall and yet avoid full hydrostatic head equal 
the height saturated earth. After the embankment completed dif- 
ferent set conditions arise. the great majority cases necessary 
impound water the full height the fill before the latter can com- 
pleted. this time, the bulkhead water-tight and the embankment 
placed behind permeable, the impounded water will find its own height 
against the bulkhead, and, far water pressure concerned, the embank- 
ment benefit. the reverse condition obtains, the water can run out 
through the bulkhead faster than can flow through the embankment, and 
there may little, any, water pressure against the wall. 
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The bulkhead Long Beach belonged the former class; designed 
should have been practically impermeable, while the sheet-piles had sufficient 
penetration impede, greatly, any underflow. The only material available for 
embankment was sand that was relatively permeable. Under the most 
performance the embankment would have been limited benefit, 
and would have been impossible avoid the accumulation substantial 
heads against some parts the structure. Certainly, the water would have 
risen far above mean sea level, the elevation used the author his 
analysis. 

the design, Berths and had been provided with concrete 
relieving platform more than wide, supported veritable forest 
piles. The presence this platform made impossible place effective 
embankment against the bulkhead. Furthermore, the platform had numerous 
small openings it, sufficient have transmitted, freely, pressure from any 
ground-water that might have accumulated above it; and inconceivable 
that water-tight fill could have been deposited against the under side the 
platform any means whatever; there must have been numerous spaces 
this point capacity sufficient permit the unobstructed flow water 
from points back the platform the face the bulkhead and have 
permitted the transmission pressures through the water filling such 
spaces. 

Relieving platforms are supposed what their name implies, relieve 
pressure against the bulkhead. seems proper point out that under some 
circumstances they may defeat their own purpose. the present instance, 
for illustration, suppose that, first, the space under the platform had been 
filled well possible means pumping sluicing, and that then 
impermeable fill had been deposited top the platform any suitable 
means. This produces good embankment behind the bulkhead could 
obtained any reasonable and practicable method. The final step would 
then fill the remainder the area pumping. this neces- 
sary raise the ground-water the top the There would nothing 
prevent water finding its way along the under side the platform the 
face the bulkhead and transmitting full hydrostatic pressure that point. 
the imagined illustration, the platform would cutting off the pressure 
due fill about ft, undoubtedly, but would letting the pres- 
sure due water which much worse. suggested, therefore, that 
the case hydraulic fills, relieving platforms may have most dubious 
value. 

present, there prospect that some rather high débris dams may 
built California. this should come pass hoped that 
devices for measuring pressures (both water and materials) various 
depths-and various time intervals will incorporated them. the 
variety débris impounded should cover wide range different places, 
then after sufficient observations had been taken might possible 
evolve empirical method determining earth and water pressures which 
would be, the same time, reasonably simple and fairly reliable. 
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sheet-piling, under field conditions approximating those which actual struc- 
tures are subject, should prove great value when designing this rather 
recent type construction. special importance the present time, 
since the assumptions upon which designs are based, have recently undergone 
radical change. about the time when, the author states, high bulk- 
head walls began constructed, the depths sheeting embedment and the 
stresses anchor and sheeting were determined considering active 
pressure greater than, and passive resistance less than, the theoretical values 
obtained for them. Professor Wolmar recommended that the active 
pressures taken 25% greater, and the passive resistance 25% less, than 
their theoretical values. This quite different from the assumption that the 
actual passive resistance twice the theoretical. 

The author quite right pointing out that the present theory bulk- 
head design defective that does not take into consideration the com- 
pression the soil due the movement the wall. taking the effect 
this compression into account obtains passive resistance, illustrated 
Fig. 14, which quite variance with that obtained following the Bren- 
necke-Lohmeyer method, illustrated Fig. Mr. Baumann’s method 
satisfies the main conditions necessary met when using the latter theory. 
These conditions are: (a) The moments about any point the sheeting must 
balance, and their sum zero about the bottom; and (b) the sum the loads 
one side the sheeting must equal the sum the loads the other side. 
With these conditions basis, the design then determined means 
graphical method. 

first glance this method appears highly scientific. analysis, 
however, becomes apparent that, effect, based primarily arbi- 
trarily assumed point zero moment below the ground surface which, turn, 
determines the resistance distribution for the entire depth embed- 
ment. The fact that the moment diagram, based this passive resistance 
distribution, shows that the moment zero about the same distance below 
the ground surface, originally assumed, can taken check the arith- 
metical graphical work, but not proof the validity the assumption. 

accordance with this method the depth embedment, obtained 
from Equation (2), which, the distance from the ground surface 


assumed point zero moment, and equal 
shown subsequently. The symbols under the radical denote the following: 
the theoretical passive soil resistance; pa, the unit active pressure incre- 
ment below the ground surface; and Bo, the reaction the point assumed 
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zero moment, then, 


Pennoyer’s formula” for the depth embedment is, 

The value obtained using Equation (68), somewhat larger than 
that obtained from Equation (69). may noted that the latter gives the 
same depth embedment would obtained simply balancing moments, 
all pressures, about the anchor rod, using passive equal the 
theoretical value instead twice that value. 

The following analysis will show that the assumption zero bending 

moment the distance, below the original ground surface, bottom 
channel, also the passive resistance distribution below Point 
Fig. 16. Furthermore, the only this point that the.active 
pressure per unit area equal the unit passive resistance. 
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low 
on. that distance below Point that would make the moment about Point 
ned the pressure triangle, MCL, equal the moment about that point, 

also follows that, 
cre- 
ned 


the moment Point assumed zero, the part the sheeting 
designated may treated cantilever sheeting this length, subject 


Design Steel Sheet-Piling Bulkheads,” Raymond Pennoyer, Assoc. Am. 


877 
. 
‘ 


878 DRUCKER ANALYSIS SHEET-PILE BULKHEADS Discussions 


force, Bo, the top, and embedded soil the passive resistance 
which pa). such the passive resistance distribution may 


readily determined from the formula, 
which based having the horizontal forces, and their moments about any 
point, balance. 
Substituting Equation (72) the value given Equation (71) and, 


represents the distance the point, above then, also, ob- 
tained for cantilever sheeting, 


d= (2 pp Pa) 2 Bo 


74) 
making the substitutions indicated, 


the depth, obtained from Equation (69), then, making substitu- 


tions similar the foregoing, and were found have the following 


and, 


Although Equations (68) and (69) are based the same, new, 
principles bulkhead design, comparison the values JB, obtained 
from Equations (73) and (76)—as well the values from Equations 
(75) and (77)—show that the pressure distributions are quite different 
despite the fact that each the values will satisfy the conditions for such 
design. 

will now shown that for any depth embedment, which greater 
than that required for the assumed actual unit passive soil resistance, any 
number passive resistance distributions may obtained varying the 
position Point (Fig. 17), and yet satisfy Conditions (a) and (b). 
this basis, however, the moment may not zero distance, below the 
ground surface. The writer has seen good reason given, however, and 
none apparent, why the moment should zero that distance below the 
ground surface. For this analysis, the pressures, length sheeting, and depth 


embedment will taken the same given for the author’s experiment 
(see Fig. 17). 
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The active pressure due the soil, which has effective weight 


2 
1220 lb. The sum these pressures 24520 lb. The sum 


(15 12), 448 000 ft-lb. were assumed that these pressures are re- 
sisted the bottom the sheeting uniformly varying pressure total 


magnitude, H., represented BGS (Fig. 17) then 


19500 giving required unit passive resistance equal 270 lb. 
The moment about Point 19500 78000 ft-lb. For this 
78000 215000 78000, which equals ft-lb, and 5070 
This stress the anchor rod, per foot wall, considerably 
greater than the several values obtained the author. probably 
much larger than would exist for the case steel sheeting. was obtained 
here for the purpose indicating what the anchor stress would case 
the actual passive resistance were not larger than the theoretical value. 
This large stress may also taken indication what the anchor 
stress might the case rigid bulkhead which condition would 
approached concrete wall were used. While seems reasonable 
that steel sheeting has some flexibility, does not seem likely 
that could sufficiently strong withstand the pressure 
subject and yet flexible enough exert large back-kick the bottom 
the sheeting the same time that also exerts large pressure the front 
the sheeting only short distance above the bottom, shown Fig. 

However, assuming that the actual passive resistance equal twice 
the theoretical value, and that the sheeting has some flexibility, Conditions 
(a) and (b), previously stated, may satisfied for any number passive 
resistance distributions the front the wall for the same depth embed- 
ment. These distributions may obtained assuming Point (Fig. 17) 
different distances above Point 

After assuming the position Point the next step determine the 
value the negative pressure triangle, represented H;, which that 
part the pressure, BGS., which does not need called into action. 
The magnitude this pressure may obtained taking moments about 
Point and, after obtaining the value may obtained taking 
moments about Point that, for passive resistance equal 
600 Ib, the pressure triangle, which will referred equals 


600 43200 lb, and its moment about Point 


(15 0.67 12) 995 000 ft-lb. This moment, minus that active pressures 


) 
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about the same point, would equal the moment about that point; or, 


about Point the magnitude would depend giving, 


Similarly, the stress the anchor rod, Ao, would depend the value 
and and could obtained taking moments about The moment 


about 600 172800 ft-lb, while the sum the moments 


active pressures, about this point, 215000 ft-lb, previously ob- 


Furthermore, JS, then, 
and, 


Table the values, obtained means Equation (78) Equation 
(82), for several distances arbitrarily assumed. The closeness the values 
Column (7) 18680, given Equation (82), shows that the horizontal 
pressures balance for all values The moments balance, course, because 


TABLE Equation (78) Equation (82) 


(78) (79) 


(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Eee Be 3; 24 22 800 | 68 400 4 100 18 700 5 070 +2 130 
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the values and Table (Columns (4) and (6)), were obtained 
that basis; that, while the Brennecke-Lohmeyer method,” which essentially 
the same the Blum gives passive resistance distribution that 
checks mathematically, other possible distributions may obtained which check 
likewise. fact, assuming large passive resistance for the soil, 
and small value for would possible satisfy Conditions and 
(b) and obtain not only small tensile anchor stress, but even result 
indicating that the rod compression. This would absurdity, 
course, because even the sheeting could act cantilever, would deflect 
away from the soil the top the wall. 

That irrational assume zero moment Point Fig. 18(a), may 
shown another way. For passive resistance 600 and 
active pressure below the ground surface lb, 960 960 

600 519 
1.85 ft. Therefore, 12.0 1.85 10.15 ft. 


Ay T Ao 


Ground 


from Author's Fig. 14 
Resultant Pressure for Pp = 900 Ib 


18. 


Treating the part, TC, simple span and taking moments about Point 
was found 5100 and, after substituting values Equation 
(72), was found 2780 and from Equation (74), was found 
5.4 ft; also, was found 020 Ib. for this condition. 
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Similarly, for assumed actual passive resistance pp, 900 lb, the 
following values were obtained: 1.17 ft; 4990 lb; 1470 

For the purpose comparison, some the values, well 
the corresponding ones previously obtained for required passive resistance 
270 represented Triangle BGS are given Table 


TABLE 5.—Comparison STRESSES 


Anchor stress, 


Assumed passive 
Pressure, pounds 


resistance, pounds 


600 
900 


Distance 
(see Fig. 18(a)) 
(2) 


would reasonable expect that the values any column Table 
should vary approximately the assumed passive resistance, or, least, 
they should vary consistently. the values for the passive resistance 
270 were obtained simply balancing moments about Points and 
which may termed the “ordinary method,” which arbitrary assump- 
tions are involved, these values may taken the basis for comparing the 
others. seen from Table that for passive resistance 600 
the pressure the bottom the sheeting less than for passive 
resistance 270 lb, while for resistance 900 lb, this pressure 1310 
‘greater than for the resistance 600 Thus, these pressures not even 
vary the same direction although those for the 600 and 900-lb resistances 
were obtained the same method. From Column (3), Table and Fig. 
may inferred that the higher the assumed passive resistance the 
nearer will the pressure the bottom the sheeting approach that for 
the passive resistance 270 lb. This shows clearly that the assumption 
zero moment the distance, below the ground surface not reasonable. 
This may also seen comparing the values Column (4), Table The 
difference between the values for passive resistance 600 and that 
for 270 about eight times great that between the values for 900 and 

600 
view such inconsistent results, obtained assuming zero moment 
the point where line drawn through Point and representing the assumed 
passive resistance, minus the active pressure, reaches the sheeting line, TB, 
and based analyses which will not gone into here, the writer suggests 
that the formula, 


will give approximately accurate passive resistance distribution for any as- 
sumed unit actual passive resistance. 
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pounds 
(3) (4) 
310 070 
470 780 
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Equation (83), the distance from the bottom the sheeting the 
point, and the ratio the assumed unit passive resistance that unit 
resistance for which uniformly varying from Point Point 
would balance the moments about Point Generally, the latter resistance 
the theoretical passive resistance the soil. 

Fig. 14, Mr. Baumann gives the pressures, moments, and deflections 
based his analysis passive resistance indicated Pig. 11. the 
paragraph preceding “Conclusions,” the author states that found neces- 
sary apply factor 2.5 for the passive resistance soil, order 
establish equilibrium. This factor would give passive resistance 
2.5 300, or, 750 lb. the unit passive resistance required for uniformly 
varying resistance for the entire depth embedment was found the 


stituting this value Equation (83), found 0.705 8.45 

previously found, the sum the active pressures equal 520 lb; 
the sum their moments about Point equals 448 000 ft-lb; and the sum 
their moments about Point equals 215000 ft-lb. With Fig. 18(b), 
varying the rate 750 per depth, and representing the pressure, 
that will have deducted order balance moments about the 


8.45 
BS, 750 9000 lb, BJ, 1170 lb. Furthermore, the value 
for this condition, was found 420 

The resulting pressure distribution, after subtracting the active pressure 
Fig. 18(b). The author’s pressure line, from Fig. 14, reproduced 
broken line. This pressure distribution higher and also-comes the left 
that just described. This due the fact that, accordance with Mr. 
Baumann’s analysis, shown Fig. 11, the passive resistance line is-a 
convex curve instead having linear variation. 

approach more nearly the author’s resulting pressure line, and still 
assume linear variation for the passive resistance, resistance factor 


and ft, giving resultant pressure distribution, TEC, 
This approaches more closely the resultant. pressure distribution 
shown the broken line. The value for this condition was found 
which compares very closely with Mr. Baumann’s value 
may noted that the pressure the bottom the sheeting decreases con- 
sistently the value increases. 
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While the author states that the compression the soil depends the 
movement the sheeting, appears that overlooked this point when ob- 
taining the deflection curves the diagram the left Table For the 
curve marked, 1.00, for instance, the shift the bottom the sheeting 
indicated zero. For such unit resistance, the passive resistance dis- 
tribution would BGS Fig. (b), and order develop 
the pressure, sheeting would have move forward the bottom. 

The method designing sheeting considering the resultant pressures— 
that is; the passive resistance minus the pressure—involves element 
risk that the actual pressures may overlooked. This 
prompted the manner which the author obtains the factor safety 
against the wall being pushed out for the case illustrated Fig. the 
text preceding Equation (2), finds this factor safety 2.42. The 
writer, however, found this factor safety 1.64 manner outlined 
follows: 


Active pressure, pounds, below ground surface 


Pressure, pounds, resisted the bottom the 


450 


indicated, this factor safety (1.64) was obtained the basis the 
passive being 201 which twice the theoretical value for 
this case. 


treatment involved subject described this paper which 
clearly indicates careful research, and which contains valuable 
toward the logical design sheet-pile bulkheads. 

Although the -writer questions whether Mr. Baumann’s accurate develop- 
the passive resistance soil can yet made practical value, 
view present-day uncertain knowledge the other essential prop- 
erties, and although differs very seriously with the conclusion that 75% 
interlocked value sheet-pile can assumed, his paper has shown 
methods some the problems encountered can 
along sound engineering lines. 

One example that has been assistance the the 


tion Culmann’s method the passive resistance value berm. 
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regrettable that Mr. Baumann did not elaborate his test apparatus, 
indicated Fig. and that did not take more deflection observations 
under various loadings, because the conclusions reached his excellent treat- 
ment the theory involved would then have been much more convincing. 

steel frame, nearly rigid possible, around the enclosure, the 
steel sheet-piles bearing against it, would have eliminated the necessity 
assuming the supporting value the soil, and the problem would have been 
reduced study simply supported beam with fixed support one 
end. If, after observing deflections, the frame had been ‘removed, the sup- 
porting value the soil could then have been determined accurately from 
another set loads and deflection readings. 

add the uncertain value the test, only one set deflection read- 
ings was secured, and that only after the steel was stressed beyond its elastic 
limit. This clearly indicated Fig. showing the permanent “set” 
the steel after the test. Mr. Baumann does not state whether the measure- 
ments were taken before after the sheet-piles were pulled, whether the 
were examined for straightness before the test. The fact that they 
showed different amounts “set,” illustrates the erratic behavior steel 
when stressed beyond its elastic limit. 

several sets deflection readings had been taken with the water 
-increasing elevations within the enclosure, that the steel was loaded within 
its elastic limit, and the results were then examined, conclusive study 
would have resulted. The writer, however, ventures statement 
the load increased the sheet-piling and slippage progressed the inter- 
locks, values the interlocked section modulus different loads 
would have been such variance that conclusions what could actually 
assumed for the interlocked value would possible. 

Mr. Baumann complimented the ingenious and unique pro- 
cedure whereby has determined the actual section modulus the bulkhead 
from the observed and calculated deflections. However, the elastic limit 
the steel had not been exceeded, the same results could have been secured 
simple calculation, using the known value 10° for the modulus 
elasticity steel. The author’s attempt plot curve giving values 
for the modulus elasticity steel, indicated his Figs. and 
result only seven tests, renders the conclusions doubtful Another 
serious fact that has been overlooked that steel follows law 
for the ratio stress strain beyond the elastic limit, and the fundamental 
the paper are based steel always having the same 
the same stress. Steel, when stressed beyond its elastic limit, most erratic 
its behavior. That tests made from similar steels not then show the 
same strain for equal stress, well illustrated the Final 
the Special Committee Steel Columns and Struts. The modulus elasticity 
the steel the author’s Fig. leaves the straight line about 
per in. Fig. were constructed larger scale beyond this point, the 
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writer believes would seen that the curve shown could not have been 
drawn from accurate application values. 

The writer further questions the value the final figures view 
the accuracy that necessary the intermediate calculations when these 
values are founded graphical readings and interpolations, with special 
reference variable modulus elasticity steel which has been assigned 
value accuracy 10000 units graphics. 

The actual longitudinal shear along the interlocks the sheet-piles 
the test the tie-rod, where maximum, can calculated from the 
following equation: 


which, longitudinal shear, pounds per linear inch; horizontal 
width pile; moment resistance per foot width area 
(square inches) distance from center interlock the neutral axis 
the sheet-pile 7.9 1.7 13.48; and, interlocked moment inertia 
27.35 

The actual shear found about 1880 per lin in. This shear 
must friction the point investigated because, the 
shear exceeds the friction value any point, slippage will occur. Any claim 
that sheet-pile interlock sufficiently free drive, matter what its design, 
will, after driving (and without welding otherwise positively preventing 
slippage), develop sufficient friction itself eliminate slippage when the 
load applied, cannot substantiated. 

From study the figures derived, difficult for the writer under- 
stand what has justified Mr. Baumann’s conclusion that 75% the full 
interlocked value sheet-pile can assumed invariably. The only cer- 
tain value which can assigned sheet-pile which the interlocks are 
what must the neutral axis assuming interlocked value, that 
the single, non-interlocked pile, when one considers such variables con- 
ditions loading, straightness, lengths the sheet-piles, and unavoidable 
irregularities the interlocks. The sheet-piles might even hold one 
value during the short period test, but there guaranty that the 
will not slip later and that the value will reduced that 
which approximates the non-interlocked single pile. The value, 
thereof, should not used, unless the interlocks are welded 
longitudinal slippage positively prevented some other manner. There 
danger overstressing the steel assuming section modulus greater 
than. that the sheet-piling, 

emphatically denies that American advocate 
the use 75% the interlocked value sheet-pile, stated Con- 
the paper. the contrary, American manufacturers have 
always been consistent advocating only the use the single, non- 
interlocked value sheet-pile, unless the possibility longitudinal 
slippage positively eliminated. 
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The author does not explain the derivation Equation 
(3) for the calculation the penetration the piling which develops the 
full constraint the earth. This equation may compared with similar 
one derived Dr. Blum and the writer another Its 
derivation here illustrated Fig. The passive resistance the 


Bottom 


soil treated linear. The eliminates any necessity for approxi- 
mating the relative passive value the soil the front and the back 
the wall. 

With Mr. Baumann’s notation let: net increment the pas- 
sive resistance value the earth, developed the Coulomb formula; 
active pressure the bottom, pounds per square foot; and 


equivalent reaction the equivalent simple beam the bottom sup- 
port, pounds per foot width determined graphically. 
Doubling the value the passive resistance derived the Coulomb 


formula, the location the support the equivalent beam below the bottom 
is, feet: 


Furthermore, 


and, 


which, the ratio the passive resistance value the soil the 
right fill side the wall the left outside. pressure loads 


and, 


Civil Engineering, November, 1934, Equation (9), 618. 
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Equating moments around the bottom the pile: 

Substituting the value from Equation (89): 


For simplification, the loading illustrated Fig. can approxi- 


(90) 


and, 
Then, 
and Equation (91) can written, 

from Equation (94). 
Equation (94) indicates that the ratio, entirely independent the 
soil conditions, including the magnitude Bo. Furthermore, increasing 
the ratio the ratio, approaches unity. Since, even under the most 
unfavorable circumstances, the value can never less than 1.0, the 


depth drive the piling will never more than 1.2 times that calculated 
from the approximate loading condition, illustrated Fig. 
Normally, the factor, 1.1, applies, but the soil confined behind the steel 
sheet-pile heavy fill, with high active lateral pressure and low passive 
value, this factor may rise 1.2. 

The final result for the depth drive the sheet-piling order utilize 
the full constraining action the earth from Equation (92) is: 


Equation (95) corresponds Equation (3). Using 15; 525 
per (see Fig. 5); 1.8 ft; 5570 and 1.2; the 
penetration, found 10.9 Equation (95), and 10.6 Equa- 
tion The results are equal for all practical purposes. useful check 
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Equations (84) (95) illustrated Fig. the paper, indicating 
that constraint was actually present penetration. 

Mr. Baumann’s analysis the theoretical distribution the passive 
tance the soil and its application the test most unique, interesting, 
and thorough. The writer extends congratulations bringing this study 
its probable ultimate mathematical accuracy. However, judgment 
reserved the feasible practical application the wide variety condi- 
tions found practice. 

has long been recognized that the supporting resistance the earth 
was not represented straight line, but was nearer that developed 
Mr. Baumann. However, the straight-line method calculation, used 
Figs. and 19(a), will continue sufficiently accurate least until 
the greater inaccuracies the basic earth-load assumptions are removed. 

Three factors are necessary Equation (67), all which depend the 
character the soil, and must determined test; and, furthermore, such 
factors might variable even closely adjacent locations. The writer 
not prepared state whether such tests can made practical value when 
comes the study stratified, undisturbed, compacted, natural soil 
considerable depths. 

not convinced that the passive value soil will increase continu- 
ously, matter what extent lateral deflections movement proceeds, 
inferred Fig. and the paragraph containing Equations (61) and 
(62). Compression the soil, when the sheet-piling driven, very probably 
causes sufficient lateral movement develop much passive resistance 
safe assume. Application the theory further complicated when 
earth more than one type, combination earth and water, con- 
fined behind the bulkhead, when the sheet-piling is. driven into soils 
having strata different values. 

Therefore, the writer recommends the use the straight-line procedure 
for the calculation the penetration and the corresponding bending moment. 
This method more closely approximates the true constraining action the 
earth the bottom sheet-pile than possible present approximate 
the active lateral earth pressures sheet-pile. 
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GENERALIZED DEFLECTION THEORY FOR 
SUSPENSION BRIDGES 


Discussion 


JONATHAN JONES, MULLENHOFF, CECIL BOOTH, 
JACOB FELD, AND GLENN WOODRUFF, HOWARD 
AND RALPH TUDOR 


provided, this valuable paper, for more accurate study suspension bridge 
economy two categories—the span less than 1000 ft, and the continuous 
span with tie-cables—both which, from present indications the trend, 
should engage the attention many highway bridge engineers the United 
States. The author has been able present orderly process for making the 
computations, well development the theory, compact and usable 
form. 

Two the practical conclusions the paper seem warrant comment: 


(1) the “Introduction,” the statement made that the continuous truss 
offers advantages “in improved and simplified supporting details the towers.” 
This true when the tower legs are battered that the trusses pass between 
the legs and rest transverse girder. that case one bearing per truss, 
instead two, will more simply accommodated. For towers with vertical 
legs the truss planes, the opposite true; not simple pass truss 
through tower leg, point portal bending stress, pin off front 
and back. However, the author indicates that the probable field for the 
continuous truss shorter spans, which past practice also indicates that 
the battered tower appropriate, the statement here criticized will hold 
general. 

(2) the “Comparison Deflections,” there occurs averaging main- 
span and side-span deflections, which seems fit conception that the writer 
can appreciate. The standard conception that deflection, occurring over 
certain length span, represents change rate grade which may 


paper Steinman, Am. Soc. E., was published March. 
1934, Discussion this paper has appeared Proceedings, follows: 
May, 1934, Pavlo, Esq 

Engr., McClintic-Marshall Corporation, Bethlehem, Pa. 
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may not unsatisfactory for the conditions. Now may happen that the 
main-span deflection given bridge the criterion unsatisfactoriness or, 
some other bridge, the side-span deflection. unsatisfactory main-span 
deflection, however, not made satisfactory the circumstance that the side- 
span moderate, nor vice versa. Therefore, appears the writer 
that the author’s examples have shown the 800-ft continuous truss 
slightly more flexible the main span and considerably less flexible the 
side spans than the discontinuous truss the same economy, and that there 
the comparison rests. Similarly, the second study, the continuous truss 
which costs less than the discontinuous, truss 5.4% more flexible 
the main span and less flexible the side spans, whichever those two per- 
centages may significant. 

Economic comparisons suspension bridge types, valid, must 
based equality maximum deflection that (main span side 
span) where deflection significant. This true because two suspension 
bridges may the same loads and unit stresses (that is, safety), 
and yet far apart the poles flexibility. Unless they both fall within 
whatever criterion flexibility applicable, while one may acceptable 
bridge, certainly both are not. 

The design other types bridges based upon their carrying certain 
loads certain unit stresses; but suspension bridge design cannot even 
begun until there are stipulated, addition the loads and unit stresses, 
the criteria for maximum admissible flexibility. certain extent these 
criteria must psychological, possibly much mechanical. Whether 
such criteria flexibility have been and are being chosen are valid, and 
what extent deviations therefrom would regretted, the most important 
remaining question the field suspension bridge design. 


complete and simple possible dealing with such intricate sub- 
ject the exact theory suspension bridges. Under “Introduction,” the 
author gives short history the exact theory and states that was 
originated Melan. From the bibliography Melan’s work cited Mr. 
Steinman, credit turn may traced Miiller-Breslau. his for 
the first time Miiller-Breslau presents the differential equation: 

and its solution, 


which the notation that Mr. Steinman’s paper. that time, Miiller- 
Breslau had not developed formulas for use computations that method 
and, evidently, did not then recognize the fundamental difference and the 


Technische Hochschule, Aachen, Germany. 
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superior value his solution over the ordinary method computation. 
Nevertheless, this paragraph his paper seems the first reference the 
deflection exact theory and, therefore, Miiller-Breslau should not 
omitted from any historical reference this subject. 

The introduction the function, the paper seems great im- 
provement (see Equations (14) and (15)). The profession should grate- 
ful for it, and this discussion confined few suggestions what else 
could done along this line. 

Cantilever stiffening trusses which have been advocated several in- 
stances (as, for example, Schachenmeyer’s design the Hudson River 
are not covered the theory this paper, course. However, 
improbable that bridges this type will ever built. 

The author leaves only two questions answered: (1) The variation 
the coefficients reduction which need applied the values for 
and the moments computed the elastic theory order obtain prelimi- 
nary values and with varying values the moment inertia; and 
(2) the exact. theory applying the influence wind loads. 

designing structure the exact theory advisable first prepare 
preliminary design the ordinary deflection theory and reduce the 
values and (which depend the moments) certain percentages, 
order obtain approximate values for the final design. These percentages 
depend mostly the rigidity the stiffening truss, its moment 
inertia, which can vary between very wide limits from zero almost any 
value. The author gives the percentages reduction for certain case (see 
Fig. 3), but these not apply for design with widely different proportions. 
seems desirable arrange these reduction factors graphically 
formula such way that they can selected and applied every case. 

would possible determine this relation either general 


graph using the argument, which, the moment that the 


stiffening truss capable resisting, and Mo, the moment producible 
the live load beam the same span length, without cable suspension. 
Under “General Constants,” the author uses the follow- 
The depth the truss, h’, given ft. Then, the allowable stress is, 


few trials will sufficient decide whether may taken the 


moment simple beam the length the main span (that is, 


104 10° ft-lb), whether necessary use the maximum the 
minimum moment continuous beam the same dimensions. 


Transactions, Am. Soc. E., Vol. (1933), Fig. 
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Fig. for example, the maximum moment, Mm, equals 10° ft-lb, 
and the minimum moment, equals 10° ft-lb. For the first case, 


therefore, 18.6, and for the second case, 11; or, 


5.6 


The advantage this basis comparison would its 


Another phase the problem that has not yet been answered the influ- 
ence the wind. Leon Moisseiff, Am. Soc. E., and Mr. Frederick 
Lienhard have introduced good means approximating this effect.” 
Messrs. Moisseiff and Lienhard, however, not consider the 
between the stresses the cables and stiffening trusses and the stress the 
wind girder. Professor Domke has somewhat this subject. 
treats only single-span bridges, using the elastic method, The 
stress the chords the lateral (wind) truss are compression the wind- 
ward side and tension the Ordinarily, the chords the wind truss 
also serve the chords the stiffening truss; and, therefore, the com- 
pressive stress will cause upward deflection which will diminish the pull 
the cable that side, whereas the tension will produce downward de- 
flection which will increase the pull the cable that side. the one 
case, therefore, the value will less than the ordinary method 
computation, and, the other case, will greater unless the afore- 
mentioned interdependence taken into consideration. (The writer assumes 
the wind truss the plane the lower the other hand, 
loading the bridge will produce further stresses the 
chords which, turn, will produce additional stresses the wind truss. 
Professor Domke gives example which the maximum shear the 400-ft 
wind truss shown 22% greater than indicated the customary 
manner computing the stresses: 

Instead using the two cable pulls, and redundant forces, 


Transactions, Am. Soc. E., Vol. (1933), 1080. 
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Moisseiff, termed “the elastic distribution method,” seems desirable because 
for long bridges the influence the wind load relatively great. What 
the justification, for example, computing stresses bridge exactly within, 
say, when the stress from the wind may error much per 
cent. 


closing, the writer wishes record his most sincere respect for Mr. 
Steinman’s valuable paper. 


(by the present paper Mr. Stein- 
man and the work the late Max the theory suspension 
bridges seems have been thoroughly investigated leave little more 
added. 

The entire question the design suspension bridge for particular 
case depends primarily upon practical determination the deck deflection 
that permitted. design dependent upon the extent 
this deflection. 

writer this subject, including the author, seems have given 
opinion the maximum allowable deck deflection (say, terms deck 
deflection span) for suspension bridges varying spans and for different 
classes traffic; and would very useful the author would establish 
his recommendations. 


from which the basic formulas this paper are derived, are clearly stated 
and the limitations each resulting formula are carefully explained. 
Although there great deal summarized mathematics, the logical steps 
required for the derivation each formula can easily filled any one 
inclined. 

The determination stresses structures that are classified rigid, 
which changes shape are caused entirely the change lengths 
members due elastic deformation, for the determination principal 
stresses, requires the rules statics only. However, when structures include 
cables for total partial support, the geometrical shape the cable quite 
important determining the stress, not only the cable but all the 
rigid members. The inter-relationship the stresses ‘in the cable and those 
the stiffening truss members are clearly stated the author. also 
pointed out that the geometrical shape the cable closely related that 
the stiffening truss. However, avoid unwieldy complications for the 
formulas, assumed that the main cable remains parabola under all 
conditions dead and live load. weightless cable assumes the shape 
parabola when acted upon series equal loads, equally spaced. 
suspension bridge these loads, course, are the suspender loads. 
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indicated Equation (11), the deflection theory shows that the suspender 
loadings are not constant, but depend deflections the stiffening truss. 
This especially true short spans where, addition, the ratio live 
load dead load much greater than long spans. The inequality 
pender loads will necessarily change the shape curve the cable. Such 
change involves revision the cable tension well change all 
stresses that depend the cable tension for their valuation. 

addition, especially for short spans, the condition unbalanced live 
load, such that shown Cases III and can only result curve that 
not symmetrical parabola originally assumed, but that can taken 
approximately two half parabolas, different characteristics. The lowest 
point the curve will not the center line the span. 

For long-span suspension bridges, the aforementioned refinements are 
negligible. However, for short-span bridges, the ratio live load dead 
load approximates unity, noticeable change shape curve can 
determined. The amount change will increase with increase ratio 
sag span, and for the shorter spans the sag ratio usually greater than for 
the long spans. Such increase sag ratio tends produce better looking 
bridge for short spans. 

The profession greatly indebted the author for such complete 
derivation formulas for all possible cases suspension bridges accord- 
ance with the deflection theory. With this study available, there probably 
further reason for using the more approximate elastic theory and, that 
replacement, this paper serves milestone the advancement 
ing science. could well serve model for future reports the 
theoretical developments any branch engineering. 


commendable contribution the theory suspension-bridge 
analysis has been made Mr. Steinman, and his paper merits most care- 
ful study. particular, his extension the “Deflection Theory” include 
(1) the effects stiffening trusses continuous through the towers; and (2) 
multiple-span bridges with and without auxiliary tie cables, gives the design- 
ing engineer two new tools for which there may well growing need 
the future. 

pointed out the paper, continuous trusses have already been used 
several structures. The author indicates the advantages that this feature 
possesses, but believed that has given too little emphasis the added 
rigidity contributed. 

the usual layout the maximum roadway grade found the 
side spans. loads produce change the grade which often 
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serious proportions. continuous truss will reduce this change materially 
and particularly the side spans. Furthermore, continuity the truss 
will forestall any abrupt bréak the roadway grade. 

Probably the most important advantage derived from this feature 
the the maximum wind stresses the truss. This fact 
brought out Mr. Steinman, but such importance bear repetition. 
Together with the advantages derived from continuity, there are 
certain practical considerations that must not overlooked. suspension 
bridge somewhat peculiar that suffers relatively large distortions. 
Because this, the expansion joints the truss ends must 
sti 
accommodate movements much greater than for temperature alone. Hence, 
not unlikely that for the longer suspension bridges continuous truss 
introduces expansion difficulties that cannot met reasonably. This problem 
becomes increasingly serious for multiple spans. truss 
continuous through all towers and multiple-span construction not probable. 
Multiple use multiple-span suspension bridge has been 
generally condemned engineers the grounds that such structure would 
too flexible. However, there are several possible means increasing the 
rigidity, and some are sufficiently meritorious bear serious consideration: 
(a) The dead load the structure may increased such extent 
that the ratio dead load live load, becomes larger and the effect 
live load becomes small. This would uneconomical. means stiffening 
the bridge and not worthy further thought. 
(b) The moment inertia (vertical) the stiffening truss may 
increased. Since the stiffness the truss has such relatively small effect 
the moment inertia such amount make the economics this 
method extremely doubtful. dif 
(c) The sag ratio the. main supporting cable may reduced. The 
stiffness increased this means approximately proportion the de- 
crease sag, while the size the cable must increased about the 
same rate. Thus, desired reduce the deflections one-half, 
becomes necessary double approximately the size the cable. This 
method that may prove the most satisfactory for given con- 
ditions when economic, construction and all other phases the problem are 
considered. 
Some system guys may used reduce the movement the tower 
tops. auxiliary “tie running between the tops successive 
towers and extending from anchorage anchorage such system. 
varying the size and sag ratio this tie-cable the deflections 
span bridge can reduced effectively. Economically, this will compare 
favorably with any the other methods. 
(e) Due very heavy live loads other elements contributing the 
flexibility the structure, may advisable introduce anchorage 
intermediate position. This essentially produces independent suspension 


bridges placed end end. The west channel ‘structure the San Francisco- 
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Oakland Bay Bridge has been designed. The 900-ft unloaded back-stay, 
beyond the west side span, together with relatively heavy live load, made 
this type construction advisable. 


Incident the investigation various multiple-span suspension bridge 
combinations for the west channel crossing the San Francisco-Oakland 
Bridge, means were developed for the necessary calculations. These 
investigations resolved themselves into two quite distinct phases, the first 
which was the preliminary work involving the determination general 
dimensions, cable sizes, and distortions. This was followed exact 
analysis the combination selected determine moments and shears the 
stiffening truss, and other items not obtainable during the first phase. 
General Dimensions, Cable Sizes, and this first phase 
the work modification the Dana method” was developed. This device 
only applicable for loadings that are entirely continuous over one more 
spans. Since maximum tower and truss deflections and maximum cable 
stresses are produced such loadings, these items can readily obtained. 
The advantages the method lie its relative simplicity, its flexibility, 
and its accuracy. involves can readily made accom- 
modate any changes dimensions, loads, other span constants, and 
particularly well adapted investigations multiple spans either with 
without tie cables. Finally, has been found comparison with model 
tests give more accurate values for deflections than those obtained the 
“deflection theory.” The error the latter theory doubtless due largely 
the neglect the change span lengths. 

Final Moments and Shears.—After the establishment dimensions the 
bridge, exact analysis the structure (the second phase) determine 
the remaining items, was pursued. This investigation was based equations 
similar nature those presented Mr. Steinman, the only: essential 
difference being the treatment the tie-cable Equation (46) 
based the geometry The writers equated the internal work, 


the external work, 


The second term this expression represents the work accomplished 
moving the dead load the tie-cable (wr) down its new. location. 
The value the center the span equal the change tie-cable 
sag, which expressed Afr. From the equation the parabola, 


2 
H, Hr He 8 H, (Hy + Hr) 


Structural Models Proposed San Francisco- Oakland ‘Suspension 
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For any other point the span, may expressed terms thus: 


The expression for the external work then becomes, 
and, 


equation for the main cable was then established the same manner. 


which the same Equation (47) with the terms transposed and expressed 


The writers anticipated that would extremely difficult solve 
single equation for the various simultaneous.values and Such 
solution would require that these values first assumed and then the 
assumptions tested the equation. view this fact, semi-graphical 


method for the determination the simultaneous values and was 


developed and used lieu equation the form given Mr. Steinman 
(Equations (49) and (50)). 

This method may explained best considering single span only 
without reference the remaining spans the bridge. Equation (63) 
there are only two variables given temperature condition. Hence, 
simple matter draw curve expressing the relation between and 
Equation (64) the relation between and can established for any 
given condition live load and temperature, and curve drawn: can 
seen that different curve must drawn for the main cable for each load- 
ing condition. 

All for one span were drawn the same sheet. Values.of were 


expressed abscissa and those and ordinates. values 


were measured from the origin and down. this manner, 
vertical scale could placed given value and the total 
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for the span determined reading the intercept between the proper curves. 
If, the other hand, value was assumed, the corresponding 
value could determined moving vertical scale position 
such that measures intercept equal this assumed value 
The horizontal distance the scale from the origin measured the value 


= 

4 

wo 


62) 


Span 5 


63) 


DIMENSIONS, MULTIPLE-SPAN SUSPENSION 


outline the structure, with basic dimensions, shown Fig. 
Other design data are: 
Cross-Section Areas, Square Inches: 


the 


Loads, Pounds per Foot: 


Dead load (excluding tie cable).......... 900 


the 
a 
was 
man 
only 
(63) 


Feet 


FAHRENHEIT ABOVE NORMAL). 


Fig. set curves has been drawn for the main spans. These 
curves include those for the tie cable, and the main with live load 


= 
(64) 
were 
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the structure, with live load covering 0.4 the span, and with live 
covering the entire span. should realized that for complete analysis 
several other curves for other conditions live load and temperature would 
needed. would also necessary extend some the curves beyond 
the limits now shown. Fig. curves for the side span cables 
presented, the main cable curve being for unloaded condition. 


—_  * 


Main Cable H (Millions of Pounds) 


Tie Cable Hy (Millions of Pounds) 


+2.0 +1.6 +12 
Feet 


+6 
-04 


9.—H-CURVES FoR SPAN SPAN (TEMPERATURE DEGREES 
FAHRENHEIT ABOVE NORMAL). 


illustration the use the curves, assume that there live 
With scale, intercept measured between the tie-cable curve and the 
main cable curve for live load (Fig. equal this value 
and found (Fig. 8), with the value 1.75 ft. The respec- 
tive values and are found measuring the ordinate each the 
live load covering 0.4 the span present, the intercept measured 
the tie-cable curve and the main cable curve for this loading. 

set curves was drawn for each different span. For the usual con- 
ditions with symmetrical layout, this requires only one set for main spans 
and another for side spans. 

The determination the several values and the various 
spans was matter “cut and try.” value was assumed 
and the corresponding values for each span were determined the 
curves, explained. The value was then determined for this value 
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tried. was found expedient solve for about four assumed values 
and means the plotted relation between the two determine 
the satisfying value for With the proper value 
determined, the value for each span ascertained 
from the 

not difficult introduce the difference the total horizontal cable 
pull due the resistance the towers bending, but 
normally this can neglected. Certainly this item will have only minor 
effect truss moments, since the latter are not appreciably affected 

Strictly speaking, this method not applicable the case bridge 
with continuous stiffening truss. However, appears that, except the 
case short spans with relatively stiff truss, the effect continuity may 
neglected without introducing serious errors when calculating H-values. 
The latter could then used Equations (9) and (10) determine 
moments and shears the truss. Values the integration constants must 
inelude the continuity factors. 

used analyze bridge without tie cables and any number spans. 
The method could used readily conjunction with structure the 
usual type consisting single main span. 

Practical Considerations.— certain presented 
multiple-span suspension bridges with tie cables that should emphasized. 
first importance the necessity for providing adequate anchorage 
between the main and the auxiliary cables all tower tops. This provision 
imperative, since there transfer load from one the other which 
runs into millions pounds major structure. The solution this 
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live problem not impossible, but difficult. the cables are continuous 
lb. over the towers, some highly effective clamping action must developed. 
the Discontinuous cables socketed bridge strands may offer solution.. 
not difficult proportion this type structure that the vertical 
spec- deflections the trusses are relatively small; but 
the problem keep the bending the towers toward the center the crossing 
perform this additional The possibility hinged towers presents 
sured and under favorable conditions, may the answer. 
Several new construction problems would certainly present themselves, 
but doubtless the ingenuity American erectors would fully equal 
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Joun Ese. (by experimental data and other evi- 
dence presented this paper serve establish beyond reasonable doubt the 
constancy critical tractive force for given sand mixture. The author’s use 
the Boys equation computing tractive force great improvement 
over procedures based supposed “bed velocity,” and deserves credit 
for again setting that venerable equation place honor. Unfortunately, 
his experiments not provide the definitive empirical critique the equation 
that one would like see. possible objection his method computing 
tractive force that has used depth rather than hydraulic radius 
measure the mass water acting unit bed area. proceeding 
thus, however, was evidently justified the conditions his experiments, 
which the water width depth between 15:1 and 40:1. 
Recomputation the critical tractive force his observations, using 
hydraulic radius instead depth, yields results that not differ materially 
from his conclusions. 

The ultimate result Captain Kramer’s investigation, and the one 
subjected the closest scrutiny, the final equation, which aims express 
the mobility sand mixture terms its mechanical composition. 
Further work, both experimental and theoretical, must done before 
definitive formulation this important relation may had. The author’s 
solution ingenious; gain practical ends, Gordian knots must cut; and 
the present instance some quality the gradation curve clearly the 
appropriate weapon. testing the validity his equation, Captain Kramer 
has had use inhomogeneous data; but lack homogeneity alone will not 
account for the wide scattering plotted points Fig. 14. worth 
while examine the predicates his final equation. 


paper Hans Kramer, Assoc. Am. Soc. E., was published April, 
1934, Proceedings. This discussion printed Proceedings order that the views 
expressed may brought before all members for further discussion. 

Prof. Geography, Univ. California, Berkeley, Calif. 
Received the Secretary May 25, 1934. 
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The distinctive term, this equation, the ratio, between the 
areas the upper and lower divisions that part the field co-ordinates 
that lies between the axis ordinates and the cumulative gradation curve 
Fig. This ratio used coefficient the mean particle diameter 
sand, measure the range size particle. The precise signifi- 
the numerical value the coefficient any given instance not 
all immediately evident. Readers this paper would grateful for 
supported the citation large number gradation curves, 
just what the ratio proves the grain distribution any sand. The 
following statements not aim provide such discussion, but only 
show the effect applying the ratio the results the experimental 
measurements cited the author. 

Range grain size not always, implies under “3.—The Ultimate 
Equation (10),” the primary factor that determines the numerical value 
the coefficient, one considers gradation curves which (when 
plotted are those Fig. 13) appear straight lines with their lower 
extremities the origin co-ordinates, the ratio, regardless range 
grain diameter, will always equal The qualities measured the de- 
parture the numerical value the ratio from (in curves given 
range such that their lower extremities are near zero the axis 
are those that affect the slope the gradation curve the several 
parts the range: Concentration grains the vicinity modal 
diameter; and the location the modal diameter within the range. The 
closer the modal diameter lies the lower extremity the range, and 
the greater the concentration grains about the mode, the higher the value 
A,: Az, and thus, Captain Kramer’s equation, the less the mobility 
the sand. That proposition doubtless worthy discussion, but the ex- 
perimental data scarcely suffice prove disprove it. The important fact 
purely geometric one—to noted that with the same range grain 
size from zero (or very nearly zero) upward, possible for the ratio 
have any one large number values ranging upward from slightly more 
than depending any particular sand the modal diameter and 
the deviations the diameters the component grains from the mode. The 
large possible range numerical values the ratio, and the uncertainty 
the significance its variations, make dangerous element any equation 
designed express mobility. The danger always present that may 
modify too strongly the essential term any such equation, the mean diameter. 

second influence exerted the numerical value the ratio, 
that independent range grain size, may seen comparing the 
gradation curves the lower extremities which are near zero diameter with 
those sands the fine constituents which have been naturally artifici- 
ally removed. The values the ratio curves, and Fig. 
13, are determined not much the range grain diameter the 
scalar value the diameter the smallest particle each sand. 
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gradation curve having the slope Curve the diagram thought 
having range diameter from zero 1.25 mm, the ratio, will 
have the numerical value, Let the curve now move the field co- 
ordinates from left right, the range remaining constant; the mean 
diameter, and, with it, the maximum and minimum diameters, increase, the 
value the ratio decreases and approaches That imply that range 
diameter important when the smallest grains are very small, but 
they become larger the significance range decreases. That, again, 
proposition that can discussed, but that rests shaky evidence. 

The objections urged the foregoing two paragraphs may appear hypo- 
thetical; but the experimental data which the author cites show plainly that 
the use his ratio actually distorts the fundamental relation obtaining be- 
tween coarseness sand and critical tractive For example: The mean 
diameters the sands represented Fig. the curves, and are not 
greatly different; their ratio about The experimentally determined 
critical tractive forces the two sands have ratio about 1:1.3. The 
quantities tabulated Table Column (14), however, that are intended 
proportional critical tractive force, have ratio 1:3.1 for the two 
sands. This discrepancy not the result difference range diameter 
particle. The ratio, has, for Curve value nearly and 
for Curve 3.6; but Curve were moved the left the diagram until 
the finest constituents the sand represents became fine the finest 
Sand the ratio would thus being nearly great for Curve 
although the range would less than one-half that Curve the range 
Curve were then increased, the ratio would remain constant 
long the finest constituent particles had diameters nearly zero. When 
assumed the same range the ratio would still only five- 
sixths the ratio for Curve matters stand Fig. 13, the diameter 
the finest constituents Sand not its total range diameter, what 
determines the numerical value given evaluating Captain Kramer’s final 
equation, and gives rise the discrepancy between the computed indices 
the critical tractive forces Sands and Evaluation the equation 
without the ratio, even naive judgment, the simple basis relative 
coarseness, would give results closer the experimental determinations 
critical tractive force than the equation. 

Comparison the places occupied Sands and Fig. pro- 
vides further adverse evidence; the ratio, Az, gives these three sands 
nearly the same index critical tractive force, although Sands and are 
much coarser than Sand and although the experimental data show that 
Sands and again would expected from naive consideration their 
coarseness compared with that Sand are far more resistant traction 
than Sand The ratio separates sands that belong together, and brings 
together sands that differ widely when judged according the primary 
diameter. 

Finally, the values Column (10) Table proportional the 
mean diameters the several sands, are plotted against the experimentally 
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measured critical tractive forces Column (3), the correlation, particularly 
for the coarser sands, much better than that shown Fig. 14; and the 
evidence the coarser sands should given more weight than that 
the finer ones, since with them the errors observation weigh 
heavily the results computation. 

altogether probable that ideal equation expressing critical tractive 
force function mechanical composition sands would contain terms 
representing qualities other than mean diameter. Certainly, however, the 
derivation these terms must begin from the variations seen the results 
experiment when mean diameter held constant eliminated com- 
putation, while range grain size, modal diameter, and dispersion grains 
through the range diameter are varied. Furthermore, the term terms 
included, order correct for these minor traits mechanical composition, 
will small compared with the numerical expression coarseness, which 
must remain the fundamental term any such equation. 


Jun. Am. Soc. (by Among the 
important yet-to-be-solved problems that confront the small-scale-model experi- 
mentalist that simulating movement stream-bed materials. 
developing practicable technique for the attack this problem, Captain 
Kramer has performed service valuable the science hydraulic model 
experimentation. That much immediate value has resulted from the 
author’s work evidenced the fact that his methods and reasoning are 
now being applied and extended several the leading laboratories the 
United States. However, difficult and complex the problem simulat- 
ing the movement stream-bed materials that despite the author’s work the 
problem still seems all but impossible solution. much remains 
known that comparison almost nothing known. 

Consider the actual bearing which the author’s studies have the 
problem simulating movement stream-bed materials. His experiments 
have with determining the critical tractive forces for certain sands 
and with analyzing these data develop formula for determining critical 
tractive forces for these and other The movement limit, 
quoted the author, requires that bed-load movement begin and end the 
model stages corresponding those for like conditions Nature. 
bed movement the model similar that Nature, the definition 
this limit should revised require that, stages, bed-load move- 
ment the model similar what corresponding stages Nature. 
satisfy the limit thus stated necessitates that cognizance taken not 
relative critical tractive forces, but relative rates movement the 
bed loads. The distinction between critical tractive force and rate move- 
ment brought out the author’s definitions, enunciated the case 
critical tractive force, but implied only the case rate movement. 


Lieut., Corps Engrs., Army, Omaha, Nebr. 
Received the Secretary, June 18, 1934. 
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Thus, critical tractive force that lowest value slope depth unit 
weight water which results general movement the sand question; 
rate movement simply the total quantity bed load moved through 
any cross-section per unit time. 

The important point noted that the relations existing between the 
critical tractive forces given sands are not the same those existing 
between the rates movement those sands. This fact demonstrated 
data derived from experiments conducted the Waterways Experi- 
ment Station. another connection, Lieut. Nichols has given table 
the critical tractive forces for four sands studied these experiments and 
set curves showing the rates which the same sands move under vary- 
ing tractive forces.” Although the critical tractive force for Sand the 
curves cited about three times that for Sand the rate movement for 
Sand much greater than for Sand most the cases shown. The 
opposite this fact indicated for Sands and the curves for 
Sands and were continued the left, they would cross; perhaps they 
were continued the right, they would cross again; and, any event, 
must concluded that the relations between the critical tractive forces 
these sands way defines the relations between the rates movement 
the sands. only data concerning critical tractive forces are known, 
not warrantable draw therefrom conclusions regarding rates movement 
the sands question. Therefore, data concerning critical tractive forces 
throw little light the matter the movement limit the 
case where this limit stated give practical bearing the problem 
the simulation movement stream-bed materials. 

The writer does not intend convey the impression that, given data 
secured through flume tests rates movement the sands question, 
follows that simulation bed movement may obtained. Too many other 
factors are present complicate this problem. Until the movement débris 
natural streams understood thoroughly, will obviously impossible 
simulate such movement. 

The law the constant critical tractive force (the truth which 
essential most the “practical applications” listed the author) cer- 
tainly true for the sands investigated through the ranges values investigated. 
However, doubtful whether this law remains true for slopes and depths 
the order those Nature. difficult believe that given 
depth-times slope model stream which has value for Reynolds number 
of, say, 10000, will move the same limiting.mixture sand natural 
stream that has the same depth-times slope, but which has value Reynolds 
number of, say, 1000000. Still more difficult believe that the rate 
movement sand would the same under the conditions cited. 
Movability depends, quantitatively, the type movement. With low 
value Reynolds number, saltation would probably relatively less 
important than with high value the number, and the rate movement 
the sand would certainly affected thereby. may noted that divergencies 


Proceedings, Am. Soc. E., February, 1934, 280, Table and Fig. 
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the value Reynolds numbers the order noted herein actually occur 
between model and Nature most cases. This fact evidenced con- 
sideration the data Lieut. Nichols’ Table previously cited. 

The conclusions stated under Concurrence Limit” must ques- 
tioned. stated therein that river models using sand beds both gravity 
and friction exert determining influences the phenomena flow. 
stated that this fact responsible for the acceptance, qualitatively but not 
quantitatively, data secured from movable bed model. The friction 
referred this limit the internal friction due the viscosity the 
fluid, while the gravity referred the familiar force, weght. 
not apparent how the presence movable bed model would act 
increase the importance the frictional force over the force gravity. 
far the relative importance the frictional and gravity forces goes, 
open-channel models with fixed beds certainly enjoy advantage over those 
with movable beds. However, “concurrence limit” that does operate 
forestall the acceptance quantitatively data from movable bed model 
derives from the fact that quantitative movability sand defies simulation. 

must emphasized that Captain Kramer’s work far-reaching 
value. has blazed trail into fields which heretofore most experimentalists 
have feared tread. His success arriving ertain rational conclusions 
has encouraged other experimentalists undertake the difficult problem 
the simulation the movement stream-bed materials. Whether not 
this problem ever solved, Captain Kramer will entitled rank high 
among the pioneers who have advanced the science hydraulic model experi- 
mentation the United States. 


between the movement the sedimentary load and the tractive force 
flowing water clearly shown this paper. should illuminating 
those members the profession who are still struggling with the complex 
between transportation sediment and current velocity. The 
tractive-force formula omits velocity from consideration and simplicity 
that merits the attention all engineers concerned with practical river 
problems. applies much living streams does laboratory models. 

The opposing effects bed-load movability grain size and void ratio 
have always been difficult visualize. The author’s approach ascertain 
these effects following the method used determining the 
strength concrete from sieve analysis the aggregate ingenious and 
promising. hoped that this method will further developed experi- 
ments other sand mixtures the end that the constant Equation (10) 
may determined definitely. 

pointed out Captain Kramer, his laboratory determinations bed- 
load movement can applied advantageously actual river problems. 


Prin. Engr., Office Pres., Mississippi River Comm., Vicksburg, Miss. 
Received the Secretary June 27, 1934. 
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1933, the writer undertook apply the knowledge gained from the research 
work done the field tractive force the author and others, together 
with the experimental work the Waterways Experiment Station, 
Mississippi River problems. The progress thus made connection with 
important dredging operations extemely encouraging, and has demonstrated 
that, practice, the slope-depth relation more satisfactory than any velocity 
formula. The relation simple and not concerned with either time, 
velocity, friction factors, being merely function mass and gravity. 
does not show how much how fast bed-load materials are moved, but 
indicates what conditions must exist keep particles any given weight 
and size motion. makes clear that deep river having light gradient 
may exert much tractive force along its bed shallow river steeper 
slope, regardless the velocities either one. Tractive force may pic- 
tured, non-technically, the forward sweeping force exerted along the river 
bottom the weight imaginary column water (in height equal 
the depth the river), its movement down stream. This movement 
caused the fall the river indicated its surface slope, and inde- 
pendent local inequalities the river bed. The latter merely serve 
shorten lengthen the column water from point point down stream. 
will seen that tractive force necessarily varies from point point 
any one cross-section and also from point point down stream. 

The writer has found convenient use the following method for deriv- 
ing the Boys formula, the notations being the same those the 
author, but with English measures instead metric. Referring Fig. 15, 


Water Surface 


Fie, 15. 


let the tractive force, pounds per square foot, river bed; the 


gravity, feet per second. 
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Proceeding from the expression; Tractive mass accelera- 


tion; mass and, acceleration down inclined plane 


Substituting these values, gives the author’s 
Equation (3). will seen that canceled, thus eliminating all that 
relates velocity and time. 

The fact that neither the Boys formula nor the Kramer formula affords 
any measure the rate which bed material moved limitation 
their utilization. practice, seldom important know how much bed 
load moves along the river bottom given time. The important question 
under what conditions movement takes place and, conversely, when move- 
ment ceases. After all, the quantity material any given kind transported 
natural stream depends many conditions wholly independent the 
available energy for moving such material. This true the suspended 
load well the bed load. 

stated the paper, flume analysis the bed-load materials 
stream, whether made hydraulic laboratory improvised flume 
the project site, will enable engineer determine the behavoir these 
materials the stream itself for the prevailing combinations water sur- 
face slope and depth. This enables him compute readily what minimum 
depth must maintained for any given slope, order that the channel may 
develop sufficient kinetic energy the form tractive effort transport 
the heaviest well the lightest materials composing the bed load, and 
thus prevent shoaling. its simplest form, the problem, practice, 
usually relates discovering why river persists building bars 
particular locality certain stages, and what should done correct this 
condition. 

study prevailing slopes and depths, the tractive force values cor- 
responding thereto, and the critical tractive force required move the various 
types bed-load materials, affords the most direct manner attacking such 
problem. the case the Lower Mississippi River, such study has led 
the tentative adoption value 0.25 per river-bed surface 
the critical tractive force, necessary for imparting motion the entire 
range materials predominatingly found the bed the river, and 
including loose sub-angular gravel in. longest diameter, with specific 
gravity 2.65. This value predicated tractive force experiments 
conducted tilting flume the Waterways Experiment Station. 
Table gives combinations depths and slopes that provide tractive force 
equivalent 0.25 per ft. Column (1) refers the actual depth 
the point measurement and not the average depth hydraulic radius. 

other words, any reach the Lower Mississippi River the combina- 
tions depth and slope which equal exceed those Table according 
the Boys formula, should free from shoaling. The conditions 
actually found exist this river appear confirm this claim. the 
course the study, extensive sampling the materials composing the river 
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bed and the materials moving traction was undertaken. Much head- 
way has been made securing representative samples but, far, quantitative 
determination the amount bed load motion, under any given condi- 
tions, has met with little success. While much remains done toward 
determining rational which predicate plans for channel 
improvements this method, the results obtained date, general, are 
satisfactory and appear confirm the soundness the slope-depth principle. 


0.25 Pounp Foor. 


Depth, feet Fall, feet Slope, Depth, Fall, feet Slope, 
per mile feet per foot feet per mile feet per foot. 
(1) (2) (3) (2) 


The statement the author the effect that tractive force applies only 
mobile materials, cannot over-emphasized. Any sedimentary 
that have been submerged long enough have become compacted, are not 
readily moved traction. This especially true the streams the 
eastern half the United States where compaction important factor, 
and less the streams the Arid West the beds which, reason 
being dry many months each year, suffer little compaction. Kinetic energy 
forms other than tractive force are required tear loose compacted 
sedimentary materials and set them motion again, whether traction 
suspended form. force, therefore, not synonymous with all 
forms erosive energy. However, erosive its action regards 
deposits uncompacted, that is, mobile materials. 

seems incredible that the simple relation between tractive force and 
slope and depth, should have remained obscure for long period, consider- 
ing that has been known since 1786. Why much time and effort have 
been devoted trying link sediment movement with velocity finds its 
answer psychology. The forces work natural stream carrying sedi- 
ment, are not readily analyzed, the water too turbid permit making 
eye observations below the surface. The human eye, looking down upon 
the water surface, powerless see such stream work along its bottom 
and banks, the only places where physical changes are wrought; but 
ever beguiled the ceaseless motion its surface. This surface motion, 
below the surface (which all the eye can see). Nothing has been 
more natural than for Man, through the ages, try link all that, takes 
place under stream surface with the motion visible the surface, and 
failing this, link with motion measurable him somewhere within 
the liquid prism. 

the last analysis, the movement water, including that its sedi- 
mentary load, matter mass and energy. Velocity not force—it 


secti 
mati 
load 
bott 
dep 
sim 
the 
Fre 
fos 


SAND MOVEMENT FLUVIAL MODELS 911 


not even good measure the case flowing water. For this reason 
has served poor approach discovering the laws sediment trans- 
portation and deposition. century and half experimentation and 
research transportation débris running water, which have par- 
ticipated some the foremost hydraulic engineers and scientists the 
world, has yielded only one definite answer, namely, that there simple 
direct relation between the velocity stream any point its cross- 
section and the movement its sedimentary load, whether this movement 
suspended form whether sliding, rolling, saltation. The mathe- 
matical relations that have been evolved, whatever scientific merit they may 
possess, are entirely too cumbersome for use every-day river engineering 
problems. Formulas which bottom velocity used the criterion for bed- 
load movement appear promising, but far have found little application 
because the river engineer, practice, never position determine 
bottom velocities and directions bottom currents quickly with any degree 
reliability. There part any vertical velocity curve that more 
determination than the bottom part, and this true river 
well laboratory flume. contrast, the tractive-force formula has 
been found exceptionally convenient for practical use. slopes 
may read from suitable profile and need approximate only, while 
depths may obtained quickly with sounding lead the nearest foot. 
simple tabulation such Table diagram, save computation, but even 
the absence such facilities, the computation readily made the field. 
The paper fittingly dedicated the memory the late Mr. John 
Freeman. From his association with Mr. Freeman his earnest endeavors 
foster hydraulic laboratory practice the United States, the writer moved 
exclaim: Would that Mr. Freeman could have lived have seen the fruits 
his labors exemplified this paper the work done the 
Waterways Experiment Station during the two years, 1933 and 1934. 
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Discussion 


laboratory tests multiple-span reinforced concrete arch bridges not only 
logical and coherent, but also gives evidence extraordinary degree 
care and precision throughout the research. The section entitled “Description 
Specimens and Apparatus,” which deals with testing apparatus and equip- 
ment, has value that extends beyond the scope these particular tests, 
pointing the way methods for further experimentation along the line 
stress distribution structures that are highly indeterminate and complex. 
The method for simulating reproducing foundation fixity various pier 
heights especially ingenious. similar comment may also made 
reference the method measuring rotations. 

The scope the investigation includes three phases structural analysis 
concerning which there appears dearth published data: (1) 
experimental verification the elastic theory applied multi-span arches; 
(2) determination the approximate degree which variation the 
elastic properties the materials (or variation elastic constants due 
any other condition) operates modify stress distribution and introduce 
error the analysis; and (3), the effect superstructure restraint and 
study the function expansion joints. All these are questions that have 
appeared for some time merit further investigation and study, and the 
results Professor Wilson’s researches furnish data which hitherto have 
been needed badly every engineer dealing with the design this struc- 
tural type. 

The influence lines indicated Fig. check the elastic theory with 
degree accuracy that reassuring, and the two methods, one based upon 
displacements and the other measured reactions, also check 


paper Wilbur Wilson, Am. Soc. E., was presented the 
Joint Meeting the Structural Division, Am. Soc. E., and the Applied Mechanics 
Division, Am. Soc. E., Chicago, June 29, 1933, and was published April, 1934, 
Proceedings. This discussion printed Proceedings order that the views expressed 
may brought before all members for further discussion. 

*Bridge Engr., State Highway Dept., Salem, Ore. 
Received the Secretary August 19, 1933. 
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satisfying manner. The same comment may made reference Figs. 
and wherein influence lines have been developed five different methods. 

The analysis multi-span arch series, utilizing experimentally de- 
termined elastic constants, appears present far-reaching possibilities. 
Professor Wilson refers method developed under his supervision 
Donald Larson, Jun. Am. 1930, but does not into this 
question any great detail. The importance this phase the research 
merits more consideration. hoped that closing his paper 
Professor Wilson will find possible present this matter more completely. 

The entire research appears grouped about two major inquiries—the 
first having with the effect elastic piers multi-span arch construc- 
tion, and the second pertaining the influence the deck and spandrel 
structure. 

reference the former (the effect elastic piers varying heights), 
inspection Figs. and discloses the fact that the general effect 
increasing the height elastic piers reduce the horizontal thrust, 
reduce moments near the pier skewbacks, and increase stress 
near the center the span. this connection analysis was made 
the writer’s office few years ago embracing three-span arch structure 
elastic piers. Because the certain location studies involved, and 
matter general interest, analyses were made three designs, each com- 
prising series three 150-ft arches and differing only the matter pier 
heights. Design No. involved pier height 45.8 ft; Design No. 
pier height 15.8 ft, and Design No. pier height 95.8 ft. 

The influence lines for the moment and thrust three points Span 
for each these three designs, are plotted Fig 20. These influence lines 
naturally exhibit the same tendencies those noted Professor Wilson’s 
paper; that is, increase pier flexibility accompanied decrease 
thrust, decrease skewback moment the pier, and general increase 
stress throughout the region adjacent the crown. interest, how- 
ever, note the marked effect loads adjacent spans, especially for the 
two designs involving relatively high piers. Professor Wilson’s researches 
indicate increase stress pier heights are increased, amounting 13% 
for the three-span series 20-ft piers, when compared with single span 
like dimension having fixed ends. When the effect the deck and spandrel 
structure taken into consideration this increase amounts per cent. 
study the influence lines given Fig. indicates that stress increase 
considerably greater than the foregoing may expected the effect load- 
ing adjacent spans considered; and, while this fact need cause 
serious concern view the improbability simultaneous loading all 
spans series such position cause maximum stress, such condi- 
tion should always investigated, especially for extreme pier heights. 

The second phase Professor Wilson’s paper has with the effect 
the supported deck and spandrel structure arch rib strains and stresses. 


Study Arches:” Thesis submitted partial fulfillment 
the requirements for the degree Master Science Civil Engineering the Graduate 
School the Univ. Illinois, 1930. 
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general, his researches disclose reduction horizontal thrust and 
bending moment the springing result the placement integrally 
supported spandrel structure. When expansion joints are inserted the deck, 
the same tendencies are exhibited, but much less degree. 
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nection, certain observations reference the effect upon arch rib strains 
spandrel structure and deck, even with the utmost degree articulation 
possible, were made the writer connection with the operation decenter- 
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ing the Rogue River Bridge, Southern Oregon, 1932. full report 
co-operative research this subject has been published for limited dis- 
tribution the Bureau Public Roads and the Oregon State Highway 

This bridge was constructed after the Freyssinet which, applied 
this case, consists the. complete severance the arch rib the crown, 
and the introduction the severed section system hydraulic jacks 
which the arch may raised from its falsework support and adjusted any 
predetermined elastic state. The arch thus handled converted into two 
statically determinate cantilever segments, which render possible study 
stress distribution under varying conditions with considerable degree 
accuracy. 

The articulation thus was about thorough can ordinarily 
achieved under construction conditions. other words, the degree 
restraint exercised the spandrel structure was apparently reduced 
nearly minimum consistent with construction practice. Nevertheless, 
the observed crown movement was less than one-third the theoretical for 
unrestrained rib. For example, total crown-thrust value 840000 
the computed crown spread for unrestrained rib amounts 1.60 in. 
against average observed value slightly less than 0.50 in. 

connection with the decentering part general 
research program inaugurated connection therewith, electric telemeters 
the McCollom-Peters cartridge were installed, the extrados and the 
intrados, five points along the axis the arch rib, these telemeters being 
located each springing, each quarter-point, and near the crown. 
The telemeter forces, before decentering pressures had been reached, were 
found much less than the applied jacking force, indicating that dur- 
ing this stage the operation considerable part the horizontal thrust 
was being taken the centering; however, the observations indicated that 
after the theoretical decentering thrust had been reached, the rib was carry- 
ing the full horizontal thrust the crown section. This exactly 
should since the supported spandrel structure could have effect 
crown stress. 

Table indicates the percentage theoretical thrust observed from the 
telemeters the various skewbacks and also the various quarter-points for 
the second runs. inspection these data discloses the fact that the 
quarter-point stresses are quite uniform. each case about 75% 
the theoretical thrust being carried the arch rib proper while 25% 
being carried the superstructure. the skewbacks the conditions are 
quite different, the percentage theoretical thrust carried the arch rib 
proper varying from 81. The variation skewback thrusts points 


strongly the fact that the sliding joints over the pier columns did not 


and McCullough, Am.. E., Technical Bulletin No. Oregon State High- 
way Comm., 1933. 


Civil Engineering, February, 1932, 91. 
Proceedings, Am. Concrete Inst., October, 1932, 57. 


8“A New Electric Telemeter,” Burton McCollom and Peters, Technologic 
Paper No. 247, National Bureau Standards, Dept. Commerce. 
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Moment from Telemeters, in Thousands of Foot-Pounds 


TABLE THEORETICAL THRUST OBSERVED FROM TELEMETERS 


No. quarter-points skewbacks No. quarter-points skewbacks 


function complete articulations and that the degree restraint each 
case was quite variable. 

Therefore, would appear that, notwithstanding the care exercised 
free the arch rib spandrel restraint the maximum possible extent, this 
restraint was great enough reduce the horizontal crown strains value 
less than one-third the corresponding theoretical values for unrestrained 
free rib, and that, furthermore, the spandrel structure absorbed about 


eoretical 


and Centers Removed 109 


Pounds for Entire Width of Bridge 


Total Crown Thrust Hundred Thousands Pounds Unit Pounds per Square Inch 
Span No. PERATURE STRESSES END SPAN, 


the thrust the quarter-points and amount the skewback which was 
highly variable because the varying degree restraint exercised the 
sliding expansion joints over the pier columns. 

Another interesting fact reference the behavior the expansion 
joints and spandrel structure articulations indicated Fig. wherein are 
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plotted the quarter-point moments determined from telemeter readings 
against applied crown thrust. Between Readings 107 and 111 will noted 
that the positive moments gradually increase crown thrusts are increased. 
Between Readings 111 and 113, however, decrease more than 100000 
applied crown thrust produces change moment. Below this point, 
however, crown pressures are slacked off, quarter-point moments decrease 
accordance with theory. The same characteristic lag indicated the 
bottom the graph between Readings 101 and 107 and also between Readings 
116 and 119. Reading (not shown) zero moment and thrust. 

The same characteristic the top and bottom all graphs indicating the 
relationship between applied crown thrust and arch rib forces and strains 
various points persisted throughout the entire test. first, was thought 
that this phenomenon might explained the theory friction the 
jacks, but careful calibration and recalibration through series test cycles 
failed disclose any appreciable jack friction. The only other hypothesis 
which this phenomenon can explained that frictional resistance 
reversal motion the articulations and expansion joints. long 
movement persisted one direction, superstructure restraint appeared 
more less uniform and fixed. Whenever motion was reversed, however, 
there appeared sufficient friction the articulations retain the 
arch fixed position, and considerable increase decrease crown 
thrusts appeared necessary order break loose the articulations and permit 
the reverse direction. 

All these results point inevitably the conclusion that spandrel structure 
restraint present certain extent even the most carefully articulated 
designs; and the further fact that sliding joints are likely introduce 
strain conditions exceedingly variant character. 

The Rogue River tests were conducted under construction conditions, and 
certain sources error were inevitably introduced; however, the persistence, 
throughout the entire tests, the results noted herein leaves little room for 
doubt the general tendencies exhibited the spandrel structure ques- 
tion. result these researches, may logically concluded that the 
only methods which the stress distribution arch carrying supported 
spandrel structure and deck can determined and controlled accurately, are: 
(1) means system articulations much more complete and positive 
than those ordinarily used heretofore; (2) means system stress and 
strain control the field such was adopted the Rogue River Bridge; 
and (3) the adoption design without expansion joints and method 
that takes into consideration the complete effect the spandrel 
structure. view the foregoing conclusions, the researches reported 
Professor Wilson become exceedingly important. 

connection with the utilization spandrel structure without inter- 
mediate expansion joints, word warning should sounded against pro- 
cedure which carries this idea too far. Fig. the result temperature 
stress analysis made the writer’s office 1932. Fig. (a) indicates the 
moments, thrusts, and fiber stresses the base spandrel columns supported 
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series three arch spans, expansion joints being placed throughout 
any part the spandrel structure from end end. Fig. (b) indicates the 
marked reduction stress corresponding points when the deck severed 
over the intermediate piers. Even this latter case the stress the base 
the short column exceeds the ultimate strength the material, indicating 
the need for re-design the spandrel columns the provision for further 
articulation. 

All all, the problem presented rather complex, and the need for the 
utmost refinement analyses large and important structures becomes 
increasingly apparent the problem further investigated. Structural 
designers have been altogether too prone neglect spandrel structure effects 
and assume freedom arch movement under varying stress conditions 
which was never realized actual service. The result many instances 
quite apparent the formation cracks column bases, the opening 
construction joints, spalling, and disintegration around expansion joints, and 
other like conditions. Because the relief afforded plastic flow and re- 
distribution stress, such conditions may not sufficient cause structural 
failure but, nevertheless, they militate against service life and increase 
maintenance expense. 

conclusion, the writer wishes again express his appreciation 
the thoroughness and timeliness Professor Wilson’s paper, and the hope 
that further researches along this line will stimulated thereby. 
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DISCUSSIONS 


EXPERIMENTS WITH CONCRETE TORSION 


Discussion 


Fig. reveals that, the loading which the plain concrete specimen 
fails, the action spirally reinforced square specimen not much different 
from that cylindrical specimen made plain concrete the same 
strength. may inferred that reinforcement, when used moderate 
quantity, does not take prominent part resisting torsion until the tensile 
strength the concrete has been overcome. This conclusion confirmed 
test results discussed Dr. which show that with spiral rein- 
forcement initial cracks appear cylindrical specimen load that 
only 15% greater than that which produces initial (and simultane- 
ous failure) plain concrete cylindrical specimen. 

That spiral steel not fully effective before the concrete yields, may 
shown the following analysis which concrete treated ideal 
material, account taken the fact that its modulus elasticity ten- 
sion differs from that compression, and that stress not exactly propor- 
tional strain. The notation the same that used the author. 

the spirally reinforced cylindrical member shown Fig. 10, the steel 
stress due torsion uniform throughout and causes elongation the 
steel which, per unit length cylinder, is, 


The steel deformation due twisting the and the point, will 
move B’, making, 


paper Paul Anderson, Assoc. Am. Soc. was published 
May, 1934, Proceedings. This printed Proceedings order that the 
views expressed may brought before all members for further discussion. 

Asst. Prof. Structural Mass. Inst. Tech., Cambridge, Mass. 

Received the Secretary May 31, 1934. 
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There will result angular deformation which, per unit length cylinder, 
will be, 


Using Equation (1) and substituting found that, 
From Equations (20) and (21) found that, 


SIDE ELEVATION 


CROSS SECTION 
10. 


Equation (22) expresses the relation between the tension stress, ts, the 
spiral steel, and the torsional shearing stress, vs, the concrete adjacent 
the steel, terms the modulus elasticity, for steel and the modulus 
rigidity, for concrete. Assuming values 1500000 per 
in., and per in., the relation becomes, 


Neglecting the small reduction concrete area due the presence 
steel, the part the torsional resistance provided the concrete is, 


and the contribution the spiral steel is, 


Assuming spiral steel and assuming pe, follows that, 


2 ts 
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> > 
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>» » 
» > 
and from Equations (23), (24), and (26), found that, 


Thus, the spiral steel provides about 10% the total tor- 
sional resistance. The percentage resistance will increase direct propor- 
tion the percentage steel supplied. 

similar procedure may shown that, for square member with 
45° spiral reinforcement, before the concrete yields 
stresses occurs, the relation between tension stress the steel and shearing 
stress the adjacent concrete approximately, 

2.92 
Assuming the same values for and for the circular section, 


and for spiral steel, 

this case the spiral steel provides about the total torsional re- 
sistance. Here, again, the percentage resistance will increase with the per- 
centage steel supplied. 

The preceding anaylsis leads consideration the deduction that (see 
the spiral reinforcement can assumed take 
practically all tensile stresses excess the ultimate tensile strength the 
unreinforced concrete.” This statement may interpreted mean that 
after the working stress torsional shear for plain concrete has been ex- 
hausted, the remainder the torsional moment, regardless its magnitude, 
may assigned the spiral steel safe working stress. the concrete 
working stress torsional shear taken 150 per in., follows 
from Equation (23) that, for circular section, the corresponding steel stress 
only 1500 per in. Such unit stress will result wasteful use 
steel. the steel stressed 000 per in., the adjacent concrete will 
tend stressed about 1800 per in., but will crack before this 
stress reached, and only small core material will still effective 
diagonal tension. 

reasonable assume that the factor safety used design 
should based the loading that causes cracking rather than that which 
produces ultimate failure even if, because the presence steel, the member 
shows considrable toughness and strength after cracking begins. Cracks are 
objectionable and, indicated Fig. when the concrete begins yield 
(at about one-half the ultimate strength the member) there rapid 
increase the rate twist. From Table appears that working stress 
150 per in. torsion provides factor safety about two for 
plain concrete, with ultimate compressive strength Ib. per in. 

safe, economical, and consistent method would design the member 


were plain concrete, using limiting working stress about 150 
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per in. (for concrete). the purpose increasing the factor 
safety, enough spiral steel area may provided (at per in.) 
resist the total design moment, assuming the concrete have cracked and 
the steel acting alone. For circular section, using 150 per 


area 0.79% the total cross-section area sufficient for this purpose. For 
square section the corresponding figure 0.66 per cent. the torsional 
shear per in., less, there will sufficient margin safety 
without the use reinforcement. 

may noted that cylindrical member the maximum stress intensity 
occurs the surface and uniform throughout, whereas member 
rectangular section the maximum stress occurs line along the middle 
the long side. There opportunity for considerable re-distribution 
stress member rectangular section before cracking occurs. For this 
reason somewhat higher working stress intensity (about 200 per in. 
for concrete) might used for rectangular section than for 
circular section. 
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DISCUSSIONS 


FLEXIBLE CONSTRUCTION FOR 
EARTHQUAKE RESISTANCE 


Discussion 


Howarp Esq. (by analysis developed Mr. 
Green interesting; quite new thought applied the problem 
duplicating, mathematically, such complex vibrations, earthquake oscilla- 
tions. Undoubtedly, complex earth motions can approximated this 
method description more closely than the usual periodic sine curve 
cosine curve expressions. 


nches 


Acceleration in Feet per Second 
Deflection in | 


Time in Seconds Time in Seconds 


noted, however, that the same general method utilizing un- 
equal maximum accelerations may used with the customary harmonic 
theory. Substituting Fig. for Mr. Green’s acceleration diagram (Fig. 3), 
will seen that, general, the periods and accelerations are the same 
the two cases with the exception that with the curved diagram the acceleration 
zero when any given time the ground moving with simple 


motion, such that the acceleration the ground 


paper Norman Green, Esq., was published February, 1934, 
Proceedings. this paper has appeared Proceedings, follows: 
May, 1934, Messrs. Lee Johnson, Edward Bednarski, and Merit White and 
Paul 

Designing Engr. for Oliver Bowen, Los Angeles, Calif. 

Received the Secretary April 11, 1934. 
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Using Mr. Green’s nomenclature the differential equation for the horizon- 
tal deflection the tops the columns from their bases is: 


and the general solution this equation is: 


which, maximum acceleration, and time for acceleration de- 
crease from the maximum zero (one-fourth the full period oscillation). 

Two constants integration, and are involved which are similar 

and Mr. Green’s analysis. These constants are evaluated from the 


initial conditions, namely, when Vo; Yo; and, 


and, 


substituting Equation (28): 


and, 


The maximum deflection may taken that given Equation (31) 
the time, that the ground acceleration maximum. The error this 
assumption slight except the region resonance; that is, when the period 
the ground approaches the free period the columns. 

Mr. Green might have included damping his discussion. Damping, 
which caused the absorption energy the building, may taken 
proportional the first power the velocity. taken the pro- 
portionality constant, Equation (1) becomes: 


and the general solution this linear equation is: 


e 3 p 3 


34) 
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which and and are the constants integration and are 


determined the initial conditions. Actually, damping important con- 
sideration; but not pertinent the conclusions this discussion. 

Equations (31) and (32) may applied much the same manner 
Equations (3), (4) and (5). Table shows the computations for this set 
conditions. The horizontal deflection the tops the columns from their 
bases shown varies with time Fig. 12. 


TABLE 


4.83 0.33 0.165 +0.312 10.40 —105.0 +0.453 +0.121 
5.50 0.67 +0.121| 4.70 —19.0| +0.502 —0.392 


the ground had continued oscillating with the same 
motion with which began, the maximum possible deflection would have 
been 0.402 in. (indicated the broken lines Fig. 12). The introduction 
this slight variation the ground has increased the maximum possible 
deflection approximately per cent. This the most important point 
brought out this discussion, because shows that very slight variation 
steady ground motion, opportunely injected, causes deflection much 
excess that indicated the “magnification factor” often used vibration 
philosophy. 

One should use caution applying these theories analyzing multi-story 
buildings, even the first story flexible, because the equations under dis- 
cussion not apply. While the top stories may considerably stiffer than 
the first story, this does not preclude the possibility vibration the top 
stories—and, some cases, resonance these upper stories higher fre- 
quency than that with which the base first story vibrating. These 
vibrations the upper stories materially affect the motions the first story. 
The conclusions given are applicable only one-story bent and not 
multi-story building. 
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APPLICATIONS FOR ADMISSION AND FOR TRANSFER 


The Constitution provides that the Board Direction shall elect reject 
all applicants for Admission for Transfer, and, order determine justly 
the eligibility each candidate, the Board must depend largely upon the 
Membership for information. 

This list issued members every grade for the purpose securing 
all such available information, and every member urged scan carefully 
each monthly list candidates and furnish the Board with data regard 
any applicant which may aid determining his eligibility. the Duty 
all Members the Profession assist the Board this manner. 

especially urged, communications concerning applicants, that 
Definite Recommendation the Proper Grading Each Case given, 
inasmuch the grading must based upon the opinions those who know 
the applicant personally well upon the nature and extent his pro- 
fessional experience. facts exist derogatory the personal character 
the professional reputation applicant, they should promptly com- 
municated the Board. Communications Relating Applicants are con- 
sidered the Board Strictly Confidential. 

The Board Direction will not consider the applications herein con- 
tained from residents North America until the expiration thirty (30) 
days, and from non-residents North America until the expiration ninety 

(90) days from August 15, 1934. 


MINIMUM REQUIREMENTS FOR ADMISSION 


Responsible 
Grade General Requirement Age Length charge 
Active Practice work 


Member Qualified design well 


years im- 
direct important work years years* portant work 
| 
Qualified scientific acquire- 
Affiliate ments practical experience years years* years im- 
tant 
co-operate with engineers 
Fellow Contributor the permanent 


funds the Society 


practice. 


Membership ceases age unless transferred higher grade. 


Bro 


The fact that applicants give the names certain members references 
does not necessarily mean that such members endorse. 


FOR ADMISSION 


AGNEW, JAMES CARSON, Los Angeles, 
Cal. (Age 51.) Director, Winston Bros. 
Co., Minneapolis, Minn. Refers 


AKKERMAN, WILLIAM HERMAN, Hous- 
ton, Tex. (Age Refers Fer- 
guson, Focht. 

ANDERSON, ARTHUR ROLAND, Tacoma, 
Wash. (Age 24.) Refers Collier, 
ANDERSON, MAYNARD MARION, Indio, 
Cal. (Age 24.) Jun. Engr., Metropolitan 
Water Dist. Southern California. Refers 


ANDRUS, LYNN THORPE, Ames, Iowa. 
(Age 41.) Bridge Designer, 
Highway Comm. Refers Adams, 
Marston. 

ANNUCCI, JOHN, Elizabeth, (Age 30.) 


ANTELL, HARRY BENJAMIN, New Haven, 
Conn. (Age 22.) Refers Bishop, 
Tracy. 


ARNOLD, CECIL CUSHMAN, Olympia, 
Wash. (Age 34.) Bridge Designer, Wash- 
ington State Dept. Highways. Refers 
Snyder, Truesdell. 


AUSTIN, VERLE LORRAINE, Austin, Tex. 
Age 37.) Asst. Engr., Water Resources 

Norris. 


BAILEY, LEONARD CASSELL, Knoxville, 
Tenn. (Age 28.) Chf. Draftsman, City 
Tomlinson. 


BALBIANI, ANDREW STEPHEN, New 
York City. (Age 20.) Refers 
Hooper, Saville. 


BAMPTON, NORMAN, Cranston, R.I. (Age 
Murray. 


BARNES, MARIAN EUGENIA (MISS), 
Trinidad, Colo. (Age 21.) Refers 


BEALL, RALPH RODNEY, Pa. 

owns. 


BEAVERS, VIRGIL LOUIS, Nixon, Tex. 
(Age 30.) Res. Engr., Texas State High- 
line, Worrell. 


BERGMEISTER, CHARLES NICHOLAS, 
Foss. 


BIRD, JOHN MACBETH, Durham, N. 
Age 21.) Refers Geile, 


BJORKLUND, WALTER RAGNAR, Seattle, 
Wash. (Age 21.) Refers Collier, 


BLAKEMORE, WILLIAM ALLEN, Houston, 
Tex. (Age 45.) Chf. Engr., Gulf Produc- 
Bringhurst, Culpeper, Lacy, 

BLOUNT, GEORGE COCHRAN, Phoenix, 
Ariz. Transitman, Arizona 
Grant, Hutchins, Jones, Jr., 


BLUNT, ALLYN WILLIS, Azusa, Cal. (Age 

30.) Res. Engr., San Gabriel Dam No. 
Los Angeles County Flood Control Dist. 
Thomas. 


BOGUSLAVSKY, BORIS WILLIAM, Seattle, 

Wash. (Age 25.) Refers Collier, 
Tyler. 


BOLON, HARRY CLOYD, Rolla, Mo. (Age 
29.) Asst. Engr., Geological Survey. 
Paulsen. 


BOREL, PAUL ARNOLD, Toledo, Ohio. 


BOSLAND, FRANK EVERET, Paterson, 


BOTTA, ADELMO, Paterson, (Age 
Stanton. 


BOUCHER, RAYMOND, Montreal, Que., Can- 

ada. (Age 28.) Graduate student, Massa- 
chusetts Inst. Technology, Cambridge, 
nolds, Russell. 


BRADLEY, CHARLES SMITH, Boise, Idaho. 
Solomon. 


BRADLEY, HARRY CALVERT, Sea Bright, 
(Age 22.) Refers Davis, Jr., 


(Age 22.) Refers Bards- 
Carlton, Harris. 


BRASLOW, BARNETT, New York City. 


(Age 51.) Gen. Supt. Constr. and Mem- 


ber Re-Rate Board for C.W.A. Refers 
kin, Simpson, Thompson. 


BRILL, HARRY VALENTINE, Lyn- 


BROOKS, ROBERT BLEMKER, 
Louis, Mo. (Age 21.) Rodman, Missouri 
State Highway Dept. Refers 


BROSCH, CARL WILLIAM, Brandywine 
Summit, Pa. (Age Refers 
Bowman, Leonard. 
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BROWN, ROBERT HORACE, Des Moines, 
State Planning Board. Refers 
Galligan, Stewart. 


BRUNK, GUY GEORGE, Des Moines, Iowa. 
Stewart. 

BRUNNER, JOHN GRAYSON, Washington, 
3d, Breed. 

BUOB, MILFORD EDWARD, 
Suttie. 


BURKS, WILLIAM Birmingham, 
Ala. (Age 22. Refers duPlan- 


BURNETT, KNOX FOLSOM, North Platte, 
Nebr. Structural Designer, 
Platte Valley Public Power and Irrigation 
Mason, Price. 


BURNSON, BLAIR IRVING, Piedmont, Cal. 
(Age 22.) Refers Etcheverry, 
Hyde. 

BURY, CHARLES LINCOLN, 

Carlton, Harris. 

BYRNE, RALPH EDWARD, Jr., Pasadena, 
Cal. (Age 22.) Refers Converse, 


CAMPBELL, THOMAS HERBERT, Seattle, 


CASSELL, DAVID BENNETT, Jr., Brown- 
ing, Mont. (Age 22.) With Lawler Cor- 
poration, Browning, Mont. Refers 
Rogers, Wilson. 


CAUGHRAN, GILBERT WOOD, Tacoma, 
Wash. (Age 22.) Chainman, Washingtor 
State Dept. Refers Abel- 
Woodburn. 


CHAB, VICTOR, Wilber, Nebr. (Age 25.) 
Mickey. 


CHAI, HO-CHENG, Ames, Iowa. 
Graduate student, Iowa State Coll. 
Clarahan, Jr., Fuller, Kerekes, 


CHOSNYKOWSKI, THEODORE STANLEY, 
Cummings, LaLonde, Jr. 


CHRISTOFIDES, COSTAS, Hollis, 
Squire. 

CLARK, BEN HARDIN, 
Mex. 
Neuffer. 


CLINTON, FRANK MARK, Tucson, Ariz. 


COAKLEY, EDWARD ALBERT, New York 


Irvington, 
Farnham, 


Kansas City, 


City. (Age 27.) Refers ow, 
Garran. 
COGEN, SOL, Los Angeles, Cal. (Age 24.) 


CONARD, RAYMOND FOSS, Philadelphia, 
Pa. (Age 23.) Refers Bowman, 
Leonard. 

COOPER, ALFRED JOSEPH, Jr., New Or- 
La. (Age 21.) Refers Bres, 


CORTELYOU, JACK TAYLOR, Los Angeles, 
arte 


CREIGHTON, SAMUEL JAMES, 34d, Craf- 
ton, Pa. (Age 21.) Refers Diefendorf, 
McCandliss. 


CRUMPACKER, HAROLD CHESTER, South 
Bend, Ind. (Age 23.) Refers 
Dauchy, Maney. 


CULLUM, CARL Charlotte, (Age 
30.) Designer, Lee Eng. Corporation. 
Wanzer. 


CULVERN, FREDERICK EUGENE, 
erson, Trimble. 


CURTIS, GEORGE LEWIS, East Orange, 


Cam- 
Hick- 


mings, LaLonde, Jr. 


DALPHOND, ARTHUR, Belleville, N. J. 
LaLonde, Jr. 


DAMES, TRENT RAYSBROOK, Los An- 
geles, Cal. (Age 22.) Refers 
Martel, Michael, Thomas. 


DANFORTH, Portland, (Age 
more. 


DARLING, JAMES WILLIAM, Kansas City, 

Mo. (Age 22.) Refers Bards- 

ann. 


DASHIELLS, JOHN LESTER, Baltimore, 
Md. (Age 23.) Refers Gregory, 
Thompson. 


DAVIDSON, IAN MacLEOD, Newnan, 
(Age 22.) Refers 
Feltham. 


DAVIS, OWEN DAVIES, Corvallis, 
(Age 23.) Refers 
Mockmore. 


DAVY, RUSSELL WILLIAM, Chicago, 
(Age 39.) Civ. Engr., Century Prog- 
Wardle. 


DEEMER, ARTHUR Wilkinsburg, 

(Age 23.) Instrumentman, Pennsyl- 
vania State Highway Dept. Refers 
Thomas. 


DeFRANCESCO, DOMINICK, New York 
City. (Age 23.) Rodman and Acting Tran- 
sitman, Parks Dept., New York, C.W.A. 


Ga. 
Black, 


Ore. 
Griffith, 


DEICHLER, LUDLOW VANDERBURG 


CLARK, Philadelphia, Pa. (Age Re- 


DeLUCA, EDWARD DONALD, Montclair, 
(Age 24.) Refers Davis, Jr., 


DERRICK, CLARENCE JOSEPH, Los An- 
geles, Cal. (Age 40.) Cons. Engr. Refers 
Miller, Noice. 


DIETZ, JOHN RAPHAEL, Philadelphia, 


Pa. (Age 22.) Refers Bowman, 
Leonard. 
DiLORENZO, ANTONIO VINCENT CAR- 


MINE, West New York, 
Wyckoff. 
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DOBBS, MELVIN Urbana, IIl. 
(Age 25.) Asst. Engr. with State Water 

DOLL, BYRON EMERSON, Angeles, 
Derleth, Jr. 
DONOVAN, MAURICE VINCENT, New 
York City. (Age 23.) Refers 
Beyer, Costa. 

DOUGHERTY, JOHN WILSON, Portland, 
DOUGLAS, ALEXANDER WILLIAM, 
York City. (Age 24.) Engr. and Supt. 
Works Div., Office Borough 
Pres., Bronx, Highway Div. Refers 


DOUTY, JAMES FREDERICK, 3d, Balti- 
more, Md. (Age 23.) Refers 
Gregory, Thompson. 


EARLE, HAROLD BALDWIN, 
lips, Van Ness. 

ECKHARDT, GEORGE ROBERT, Newark, 
Age 22.) Refers Cum- 
mings, LaLonde, Jr. 


New 


ELKOW, MILTON OMELIAN, Brooklyn, 
mond, Rader. 


ELLIS, RICHARD HENRY, Newton Centre, 
Mass. (Age 41.) Director Public Works, 
City Newton, Mass. Refers 
Sampson. 


ENGLANDER, SAMUEL HILLIARD, Glens 
Bishop, Tracy. 


ERICHSEN, FRANK PETER, Denver, Colo. 
(Age 25.) Jun. Engr., Bureau 
Dam Design Div. Refers 


ROBERT MacNEE, Weehawken, 


EVANS, DAVID WILL, Chicago, 


FAGAN, DURWARD EDWARD, Doniphan, 
Mo. (Age 23.) Refers Bards- 
Harris. 

FEDERMAN, BENJAMIN SAMUEL, New 
York City. ((Age 20.) Refers 


FINKELSTEIN, JUDAH SOLOMON, Brook- 


(Age 
Hunt- 


lyn, Age 22.) Refers Good- 

FISCHER, MERLE EDWARD, Sacramento, 
(Age 23.) Refers Reynolds, 
Wells. 

FISHER, HERMAN ELDRIDGE, Norris, 


FISK, CHESTER CLARK, Berkeley, 
(Age 34.) Asst. City Engr. Refers 
Derleth, Jr., Edy Etcheverry, 


FLATTERY, TIMOTHY BERNARD, Dan- 


Allen, 


Cal. 


ville, 24.) Refers Cross, 
Stubbs, Jr. 

FLORA, WALTER WILSON, 
Wyo. (Age 21.) Draftsman, Wyoming 
State Bridge Dept. Refers Good- 
rich, Person. 


FLORENCE, ALEXANDER FREDERICK, 
FOLTZ, Phoenix, Ariz. 
Kelton, Myers, Park. 
FONTANELLA, FREDERICK, Hawthorne, 
LaLonde, Jr. 

FRIERSON, ROBERT EDWARD, Knox- 
ville, (Age 32.) Associate Civ. Engr., 
Tennessee Valley Authority. Refers 


Wonson. 
FURLONG, WRAY CLIFFORD, Ames, 
Iowa. (Age 25.) Refers Dodds, 


GANNETT, JOSEPH New York City. 
(Age Vice-Pres. and Eastern Dist. 
Mer, The Austin Co., 
GENTRY, DONALD GEORGE, Manhattan, 
(Age 21.) Refers Conrad, 
White. 


GILDEA, ALBERT PATRICK, Vicksburg, 
Waterways Experiment Station. Refers 
O’Brien. 

GLEESON, WILLIAM PAUL, New York City. 
(Age 26.) Refers Costa, 
Sheridan. 

GODLEY, ASHTON LITTLE, Wallingford, 
Pa. (Age 28.) Refers Irwin, 

Yancey. 

GOLLUP, JOSEPH THEODORE, New York 

GOLLY, RAY, Peoria, Ill. (Age 
23.) Refers Fair, Haertlein. 


GOULD, MAURICE, Brooklyn, (Age 
28.) Draftsman, Dept. Public Works, 
Williams. 


GRADY, JAMES Va. 


(Age Constr. Engr., duPont 
Nemours Co. Refers Newcomb, 
Rice. 


GRAHAM, TOM SMITH, Lufkin, Tex. (Age 
22.) Draftsman, Texas State Highway Dept. 


GRAPES, FRANK EDWARD, York 


GRAY, GARLAND LEE, Boulder City, Nev. 
(Age 23.) Rodman, Reclamation 
Thompson. 

GREEN, GROVER, Gainesville, Tex. 


GREENE, ROBERTS WESTERVELT, 
Schenectady, Age Refers 
Abbett, Hall, deH. Hoad- 
Taylor. 
GREENLAW, ARNOLD Palo 
Cal. (Age 22.) Refers Grif- 
fith, Mockmore. 
GREENSPAN, NOAH, Brooklyn, 
Squire. 


GRIFFIN, DONALD FRANCIS, Fresno, Cal. 

Williams. 


(Age 
cRee, 


(Age 
Hammond, 
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OK GRIMM, ROBERT COOK, East Orange, HILTZ, JOHN PHILIP, Jr., Baltimore, Md. 
riz, GROSS, MILTON HENRY, New York Schein, Thomas. 
(Age 20.) Refers Goodwin, HOGE, GEORGE JAMES, Casper, Wyo. 
JOHN Ingram, Pa. Person, 
oomfie 
HOLMES, CHARLES TROY, Ft. Worth, 
21.) Refers Bishop, Tex. (Aged Res. Engr., Texas State 
nes, HAMILTON, ROBERT FOSS, Pocatello, HOLMES, WILLIAM WORTH, Shamrock, 
bot, Turner, Wilson, JACKSON, LEROY HAYINE, Springfield, 
Wing. Mo. (Age 20.) Asst. Engr. with 
HARPER, .WALTER ALLEN, Sulphur Skaggs, Mo. Refers 
EDWARD NORMAN, Norri 
Norris 
JEWELL, HENRY. HOLMES, St. Paul, 
York Minn. (Age 45.) Chf. Engr. Examiner for 
HEDIN, WILLIAM NELS, Seattle, Wash. 
Harris, More, Tyler. JOHNSON, THEODORE RANGNOR, Brook- 
Washington, (Age 37.) Engr., Na- ton, Freund. 
(Age tional Capital Parks, Eastern Branch. Re- JONES, WILLIAM PENN, Buffalo, 
(Age JORDAN, ABRAHAM, Newark, (Age 
Palo Cal.’ (Age 22.) Observer, Voss. 
Palo Coast and Goedetic Survey. Refers KARATHANASIS, NICHOLAS, New York 
Grant, Reynolds, Ulrich. City. (Age 25.) Chf. Party and Topo- 
HICKS, JAMES ALLAN, graphical Draftsman, Dept. Markets, 
(Age Party with Dist. Weights and Measures, City_of New York. 
Clarke, Glenn, Howes. KEITH, WARREN GRAY, Marshall, Minn. 
Cal HILTNER, WALTER FREDERICK, Seattle, (Age With Lyon County Highway 


KELLER, JOHN HARRINGTON, Terre 


Hutchins, 


KENNEDY, ROBERT EMORY, West New 
Abbett, Taylor. 

KENSLEY, PHILLIP RAY, Maltby, Wash. 


KERN, ALBERT GEORGE, Jr., Knoxville, 
Wilbur. 


KERSTEN, MILES STOKES, Minneapolis, 
Wheeler. 


KETTLE, JOSEPH EUGENE, 


KIELB, JOSEPH WALTER, Irvington, 


KINGSBURY, HAROLD NELSON, Mil- 
waukee, (Age 22.) Refers 
Wiley. 


KLATZKO, WILLIAM, Brooklyn, (Age 
Riedel. 


KOLETTY, JOHN WILLIAM, Amenia, 
(Age 21.) Refers Black, Snow. 


KOSH, Brooklyn, (Age 21.) 
Computer, Coast and Geodetic Survey. 


KRISTAL, ELIHU, Brooklyn, N. Y. Age 


LAMBERT, WILLIAM BRAUND, Webster 
Groves, Mo. (Age 22.) Refers 
Ornum. 


LEIFERMANN, KENNETH RAYMOND, 
Peoria, (Age 23.) Refers 
Huntington, Wiley. 


Age 27.) Res. Engr. and Inspector 
construction, Metropolitan Water 
Dist. Southern California. Refers 
Matthews, Smith. 


LEVINE, JACOB, Brooklyn, 
Loughlin, 
Rathbun. 


LEY, ROGER DELMORE, Brooklyn, 


LOWEY, LESLIE LAWRENCE, East Elm- 
hurst, (Age 22.) Draftsman, Statis- 
tician and Account Executive, Market Re- 
search Corporation America, New York 


LUETZELSCHWAB, EDGAR JOHN JACOB, 
Millstadt, Ill. (Age 22.) Refers 
Stubbs, Jr. 


(Age 22.) 
Mc- 


Mou 


McALLISTER, JAMES SAMUEL, Gresham, 
Ore. (Age 27.) Refers Griffith, 


McCLURE, FREDERICK FENTON, Elyria, 
Lawson. 


McGRATH, THOMAS EDWARD JOSEPH, 
Philadelphia, Pa. (Age 22.) Refers 


McKNIGHT, JAMES WATSON, Pittsburgh, 

Pa. (Age 25.) Jun. Constr. Inspector, 
Pennsylvania State Highway Dept., Dist. 
No. 11. Refers Diefendorf, 


MANLEY, PIERCE, Chicago, (Age 


MARTIN, HUGER Tex. 


MASLAN, LEON, Kansas City, Mo. (Age 
ngton. 


MASON, DRAPER COOLIDGE, Portland, 
Mockmore. 


JOHN RUSSELL, Tonawanda, 

(Age Northeastern Pip- 

Constr. Corporation, North Tona- 

Miner, Nawn, 


MAYNARD, FRED JOSEPH, Washington, 
(Age 22.) Refers Barnes, 


MERRILL, JOHN CAMMETT, Old Benning- 
ton, (Age 24.) Refers Farnham, 
Tracy. 


MERRYFIELD, FRED, Corvallis, Ore. (Age 
34.) Asst. Prof. Civ. Eng., Oregon State 
Stevens. 


MEYERS, LOREL WILLIAM, 
Cal. (Age 24.) 
Troxell. 


MILLER, HERBERT WILFRED, San 
Francisco, Cal. (Age 30.) Draftsman and 
Dist. IV, Div. Re- 


WALKER hag, Humph- 
reys, Va. (Age 26.) With Dist. Engr. 
Williams, Woodward. 


MOLERO FEDERICO, Madrid, Spain. 
(Age 26.) United study for 
Spanish Govt. Refers Breed, 


MOONEY, EARL ELLSWORTH. 
Mass. (Age 22.) Refers Burden, 


MOORE, WILLIAM WALLACE, Pasadena, 
Cal. (Age 22.) Refers Martel, 
Thomas. 


MORRIS, BROOKS THERON. Pasadena, 
Cal. (Age 21.) Refers Grant, 


MOURSUND, ANDREW FLEMING, 
Angelo, Tex. (Age 59.) Div. Engr., Texas 
State Highway Dept. Refers Arne- 
on, Jr. 


Berkeley, 


4 
| | : 
| 
| — 


dens, 
artel, 


dena, 
Vells. 


San 
Arne- 


NAUGHTEN, MALACHY JOSEPH, Brook- 
lyn, (Age 40.) Constr. Engr., Pat- 
rick McGovern, Inc., New York City. Re- 
Rooney. 


NAUMAN, ARTHUR CHARLES, Chicago, 

(Age 24.) Refers Doland, 
Shedd. 

PATRIC Planview, Tex. 

Ferguson, Focht. 


22.) Rodman, Coast and Geodetic 


NATHAN MORTIMORE, 
Champaign, Ill. (Age Refers 
Wilson. 
NEWTON, NORTH Urbana, 
Ohio. (Age 22.) Refers Elbin, 
Webb. 


NOLLIE, KENNETH JOHN, Trail, C., 
ford, oward. 


NUTLEY, VAN EATON, Yakima, Wash. 


OWEN, PAUL Shaker 
Plummer, Rice. 


PAGELS, GEORGE, Jr., Chicago, Ill. (Age 
Shedd, Wiley. 


PARRISH, KARL CALVIN, Jr., New York 
City. (Age 22.) Refers Bishop, 
Tracy. 

DONALD MacKELVY, 
mira, (Age 26.) Jun. Engr., Bureau 
Wipfler. 


PATTERSON, EVERETT Peabody, 


Mass. (Age 21.) Refers Burden, 
Weaver. 

PECK, RALPH Denver, 

Colo. (Age 22.) Refers Clark, 


Lawson. 


PEERY, DAVID Linneus, Mo. 


PEYSER, MEYER EDWARD, Seattle, 
Wash. 21.) Refers Collier, 
Tyler. 


PHILLIPS, RICHARD DOUGLAS, Portland, 
Ore. (Age 30.) Senior Draftsman, 
Rands. 


PICKETT, GEORGE HENRY, Pasadena, 
(Age 23.) Refers Martel, 


FELIX CORLEY, Damascus, 
now. 


PIERCE, ALTON LOUIS, Duluth, Minn. 
{Age 27.) Draftsman, St. Louis County 
Shepard, Vogt, Wilson. 


PIPER, JAMES Enid, Okla. 


POLLARA, Caldwell, 


Cum- 
mings, LaLonde, Jr. 


PORTER, ARZA FRANCIS, Covina, Cal. 
Thomas. 


POTTER, SEYMOUR AUSTIN, Jr., Newark, 
(Age 26.) Rodman, Erie Co. 


PRICE, ALARIC PRYCE, Can- 
dia, (Age 20.) Refers 
Bowler, Skelton. 


UARTLY, ERIC VERNON ASHTON, San 
iego, (Age 27.) Jun. partner, Allen 


QUAYLE, LLOYD Topeka, Kans. 
(Age 31.) Pullen Co. Re- 


RABBITT, EDWARD FISHER, Toledo, 
Ohio. (Age 29.) Field Engr., Great Lakes 


RAHMAN, HAFIZ ABDUR, Punjab, India. 


HARRIS CLAY, Spokane, Wash. 
Snyder, Woodburn. 


REID, JAMES HOWARD, Hermiston, Ore. 


REYNOLDS, CHARLES ALBERT, Jr., San 
Antonio, Tex. (Age 24.) Refers 


WILLIAM Hague, Va. 
ette. 


RIMSAY, JOSEPH JOSLYN, Chicago, 

Massey. 


RIORDAN, JOHN ROBERT, New York 
City. 22.) Refers Costa, 
Ehrhart. 


JOHN FREDERICK, Minneapolis, 


RIVES, ALVA GARD, Walnut Ridge, Ark. 
(Age 30.) Instrumentman, Arkansas State 


WILLIAM ALLAN, Coraopolis, 
(Age 24.) Refers Fuller, 

Sutherland. 


ROOT, ISMAR EARL, Freeport, (Age 
30.) Asst. Engr., Grade Jones Beach 
State Parkway Authority, Babylon, 
Ross, Shapiro, Weinrib. 


ROSE, EUGENE LEONARD, Warwick, 
(Age 21.) Refers Billmyer, 
Murray. 


SALEMNICK, DAVID, Brooklyn, 


SAYRE, RALPH HAROLD, Jr., Maplewood, 
mings, LaLonde, Jr. 


SCHAFMAYER, ALBERT JAMES, Chicago, 
(Age 51.) Engr. and Head Eng. 


Dept. Board Improvements. 
Green, 


‘ia, 
H, 
gh, 
ist. 

Age 
nd, 
ith, 

ton, 
ing- 
Age 
tate 
ling, 

San 

Re- 
pain. 

Ca- 
vage, 
synn, 
rden, 


SCHAILL, HAROLD ARTHUR, Belmont, 
(Age 20.) Refers Diefendorf, 


SCHELL, JOHN FLOYD, Iowa City, Iowa. 
Lambert. 


SCHLUETER, HERBERT EDWARD, New 
York City. (Age 25.) Refers Costa, 
Sheridan. 


SCHMIDT, GORDON DUAINE, Willoughby, 
Ohio. (Age 21.) Refers Barnes, 
Plummer. 


SCHONECK, WILLIAM JOHN, Key West, 
Fla. (Age 41.) Asst. Lighthouse Engr. 
Skinner, 


SCHUEHLE, LOUIS, Seattle, 
Wash. (Age 21.) Refers Collier, 


SCOTT, WALTER MARVIN, Mt. Vernon, 


SCROGGIE, EVERETT, Knoxville, Tenn. 
(Age 30.) Asst. Structural Engr., Tennessee 
Valley Authority. Refers Batson, 
maker, Jr. 


SHAPIRO, JACK Brooklyn, 
(Ags 21.) Eng. Asst. Dept. Parks. 
Van Buren. 


SHUGART, HAROLD EMERSON, Los An- 
geles, Cal. (Age 40.) Sole Owner, The 
Harold Shugart Co., Acoustical Engrs. 
and Contrs. Refers Austin, 
Thomas. 


SIMPSON, WILLIAM 
Kans. (Age 23.) Refers Frazier, 
Furr. 


SIRONEN, WILLIAM EDWARD, Dumont, 
Freeborn, Jr., McClave, Jr., 


SLUDER, DARRELL HAYES, Alhambra, 
Cal. 21.) Refers Martel, 


SLUTZKY, ISRAEL, Hunter, (Age 


SMALL, ROLAND ROBERT, New 
City. (Age 21.) Refers Goodwin, 


SMELSER, PAUL EDWARD, St. Charles, 
Mo. (Age 22.) Refers Bardsley, 


SMITH, CARNEAL KIRBY, Cleveland, 
Ohio. (Age 26.) Graduate student, Case 


SMITH, DONALD ELLIOTT, Oswego, N. Y. 
Sheridan. 


SMITH, JACK EDWARD, Atlantic City, 

SMITH, LOUIS ALEXANDER, Long Beach, 
Cal. (Age 32) Field Engr., Shell Oil Co. 


SNELL, JOHN RAYMOND, Soochow, China. 
(Age 21.) route Soochow, China. 
SNYDER, FRANKLIN FARISON, Washing- 
eological Survey. efers Hoyt, 


SPAHR, CHARLES EUGENE, Independ- 
ence, Mo. (Age 20.) Refers Coe, 
Russell. 


SPERO, MICHAEL ANTHONY, Newport, 
Murray. 


STEELE, WILLARD CULLEN, Los 
Angeles, Cal. (Age 33.) Private Practice, 
Los Angeles, also City Engr., Bell, Cal. 


STEVENOT, EDWARD WALDO, Santa 
Paula, Cal. (Age 26.) Refers Der- 


STEVENS, MALCOLM SEAVEY, Methuen, 
Mass. (Age 21.) Refers Babcock, 


STEVENS, WILLIAM CONDIT, Brooklyn, 
Morrison. 


STOLLER, MANDELL DUDLEY, Brooklyn, 
3d, Howard. 


STRAUS, HAROLD SELIG, Ashland, Ky. 
enn. 


STUBLER, ANDREW JAMES, Baltimore, 
Md. 27.) Foreman, Pennsylvania 


SWANSON, FRANK ELMER, Vashon, Wash. 
Snyder, Woodburn. 


TABOR, LAWRENCE ROBERT, Birming- 
ham, (Age 22.) Refers 


TEUFEL, GEORGE ILLINGSWORTH, Se- 
Wash. (Age 21.) Refers 
yler. 


THELIN, CARL MILO, Ft. Worth. Tex. 
(Age 33.) Designing Engr., City 
Jones, Kellam, Lewis. 


THOMAS, CHARLES WELDON, Rodeo, Cal. 
(Age 21.) Refers Foote, 
Jameyson. 


THOMPSON, FRANKLIN STOLT, Denver, 
Colo. (Age 38.) Gen. Road Supt., Dept. 
Interior, National Park Service, Estes Park, 
Wright. 


THOMPSON, ROBERT WILLIAM, 
Philadelphia, Pa. (Age 23.) Refers 


THUM, CHARLES THEODORE, Clifton, 
Murray. 


TONEY, MARTIN, Gloversville, (Age 


TOOLE, ROLAND EMMET, Madison, Wis. 

(Age 41.) Senior Engr., Erosion 
Federal and State Wisconsin, 
E.C.W. and C.W.A. 
Whitney. 


TURNEY, JOHN GARRETT, Wharton, Tex. 
(Age 27.) County Engr., Wharton County. 
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TUTTLE, LAUREN PRESTON, 


UITTI, WILLIAM LEOPOLD, Chicago, 

(Age 26.) ist Lieut., Engr. Reserve Corps, 
Army, Illinois Reserve Dist., Chicago. 


VAN METER, WARREN CONRAD, Marion, 
Ark. (Age 26.) Surveyman, Engr. 
Office, Second Field Area, Memphis Engr. 
Dist. Refers Kramer, Louckes, 


VERNON, KENNETH FRAINE, Berkeley, 
Cal. (Age 23,) Senior Eng. Field Aid, 
California State Dept. Public Works, Div. 
Highways. Refers Derleth, Jr., 


VIERTEL, GEORGE JOSEPH, New York 
(Age 22.) Refers Haring, 
aville. 


von ROSENBERG, ERNEST JACOB, Aus- 
tin, Tex. (Age 45.) Tech. Asst., Texas 

Williams. 


von ROSENBERG,, HERMANN URSINI 
Austin, Tex. (Age 38.) Tech. Asst., Texas 
von Homeyer, Myers, Nichols, 


WAGNER, WARREN ORVAL, Spokane, 
Wash. (Age Refers Phelps, 


WAIDELICH, JAMES RICHARD, Philadel- 
phia, Pa. (Age 22.) Refers Bow- 
man, Leonard. 


WALDRON, HEBER GRAFENSTEIN, 
Valley City, Dak. (Age 28.) With 
North Dakota State Highway Dept. Refers 


WALKER, CHARLES RICE, Knoxville, 
Tenn. (Age 24.) Refers Allen, 
Dougherty. 


WALLACE, WAYNE PAUL, New Orleans, 


La. (Age 21.) Refers Derickson, 
Gregory. 


WARD, PAUL ALBAN, Newark, J._ (Age 


Lalonde, Jr. 


You 


WEISS, GRANT JEROME, Hollywood, Cal. 
(Age Engr. Standard Oil Co. Cali- 
fornia, Los Angeles, Cal. Refers 
Davis, Derleth, Jr., Etcheverry, 


WELTON, KENNETH — Waukegan, 
(Age 22.) Refers Doland, 
Stubbs, Jr. 


JOHN HENRY, Sunbury, 
Pa. (Age 23.) Asst. Surveyor, Bureau 
Refuges and Pennsylvania State 
Game Comm., Harrisburg, Pa. Refers 


WHITE, JOHN LaFayette, (Age 
Shedd, Stubbs, Jr., Wiley. 


WIER, ROBERT JOHN, Kansas City, Mo. 
ubey. 


WILEY, JOHN SAFFORD, 
Ind. (Age 22.) Refers 

Poorman. 


WILSON, RUDYARD OLIVER, Treadwell, 
Tracy. 


WITTENBORN, EUGENE LOUIS, Chi- 
Ill. (Age 23.) Refers Bab- 


WOLFF, HERBERT ALBERT, Wilmette, 
Ill. (Age 22.) Substation Operator, Public 
Service Co. Northern Refers 


WOLTERS, MONROE ROLLIE, Austin, 
Tex. (Age 23.) With Humble Oil Refin- 
ing Co., Gladewater, Texas. Refers 


WOODWARD, AUSTIN CLAIR, Kensington, 
Ohio. (Age Refers Morris, 
Sherman. 


YOUNG, CAMPBELL AUSTIN, Kansas City, 
Mo. (Age With Sheffield Steel Corpo- 


YOUNG, MALCOLM, Jr., Santa Barbara, 
Cal. (Age 22.) Apprentice Engr., Mainte- 
nance Way Structures, Pennsylvania 
Tracy. 


THEODORE JULIUS, Irvington, 
(Age 24.) Refers Cum- 


YOUNG, WILLIAM HILBOURN, Philadel- 
phia, Pa. (Age 23.) Refers Bow- 
man, Leonard. 


FOR TRANSFER 


FROM THE GRADE ASSOCIATE MEMBER 
AUSTIN, WILLIAM MILNES, Assoc. M., 


Luray, (Elected April 19, 1920.) (Age 
lic Roads, Dept. Agriculture. Refers 
Taylor, Williams. 


BRYANT, HARLAN MOORE, Assoc. M., 
Milton, (Elected March 15, 1926.) 
(Age 39.) Jones Co. Refers 


DAWSON, LOUIS YOUNG, Jr., Assoc. M., 
Charleston, (Elected March 11, 1929.) 
(Age 35.) Dawson Eng. Co., 
Thomson. 
AROZENA, JOE, Assoc. M., Flagstaff, 
Ariz. (Elected June 10, 1929.) (Age 43.) 
Res. Engr., Arizona Highway Dept. Refers 
Olberg, Smith, Smyth. 

GRIFFIN, ALMERN FREDERICK, Assoc. 
M., Kirkwood, Mo. (Elected Feb. 25, 1924.) 
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tte- 
‘son. 
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trol, 
Tex. 
inty. 
fson, 


(Age 41.) Senior Engr., Upper Mississippi 
Valley Div., Engrs., St. Louis, Mo. 


HEMPLE, HENRY WILLIAM, Assoc. M., 
Washington, (Elected April 1922.) 
(Age 41.) Sec. Civ. Works Survey, 
Coast Geodetic Survey. Refers 


HOPKINS, WILLIAM TRENHOLM, Assoc. 
M., Charlotte, (Elected Junior Nov. 
27, 1917; Assoc. April 25, 1921.) (Age 
43.) ‘Chf. Draftsman, Lee Eng. Cor- 
MacCornack, Pfaehler, Wagner, Jr. 


HOYT, CHARLES ROYDEN, Assoc. M., 

Brentwood Heights, West Los Angeles, Cal. 
(Elected April 1924.) (Age36.) Structural 
Engr., Board Education, Los Angeles. 


KERR, SAMUEL LOGAN, Assoc. M., Phila- 

delphia, Pa. (Elected Junior Jan. 19, 1925; 

Assoc. Nov. 15, 1926.) (Age 35.) Re- 

search Engr., Morris Div., and Water- 

Works Engr., Baldwin-Southwark Corpora- 

MOTTA, ARNALDO ALVES da, Assoc. M., 

Sao Paulo, Brazil. (Elected May 25, 1931.) 

(Age 38.) Contr. and Engr. Refers 

Silva Freire, Simoes. 

NEFF, STEWART SMITH, Assoc. M., Buf- 

falo, (Elected April 1922.) (Age 

46.) Structural Engr., Portland Cement 
Association, New York city. Refers 

Van Loan. 

POLLARD, LAWRENCE WELFORD, Assoc. 

M., Florence, Nov. 15, 1926.) 

(Age 37.) Northeastern Div. Engr., South 

Carolina State Highway Dept. Refers 


POWERS, ELLWOOD DENNIS, Assoc. M., 
Newark, (Elected March 14, 1927.) 
(Age 39.) Cons. Engr. Refers 
Woodruff. 
RODIO, GIOVANNI, Assoc. M., Milano, 
Italy. (Elected Dec. 14, 1925.) (Age 46.) 
Cons, Engr., Ing. Giovanni Rodio Co. 
accordance with Sec. Art. the 
By-Laws.) 


BARRETT, BERTON 
Shanghai, China. Dec. 1927.) 
Age 29.) Associate Prof. Civ. 
hiao Tung Univ. Refers Ammann, 


BLACKBURN, DUNCAN ARNOLD 
VICAR, Jun., Pasadena, Cal. 
1928.) (Age Designer, Operation 
Div., Water Dept., City Pasadena. 


Mac- 
(Elected June 


FROM THE GRADE JUNIOR 


SHEPARD, RALPH NELSON, Assoc. M., 
South Charleston. Va. (Elected March 15, 
1926.) (Age 45.) Supervisor Constr., 
The Linde Air Products Co., New York 
City: also Engr. Constr. and design for 
Carbide Carbon Chemicals Corporation. 
Knapp, Moss. 


SHOEMAKER, EDWYN LEIBFREED, Assoc. 
M., Philadelphia, Pa. (Elected July 12, 
1926.) (Age 37.) Chf. Engr., Warner Co. 


SIMPSON, HAWLEY STARR, Assoc. M., 
New York City. (Elected Junior March 15, 
1926: Assoc. March 1928.) (Age 35.) 
Research Engr., American Transit Associa- 
Miller, Riggs. 


STONE, NELSON, Assoc. Lackawanna, 

(Elected April 1922.) (Age 42.) 

Dist. Kalman Steel Corporation. 


STROMQUIST, WALTER GOTTFRID, 
Assoc. M., Knoxville, Tenn. (Elected Junior 
Dec. 1911; Assoc. Oct. 10, 1916.) (Age 
49.) San. Engr., Health Sec., Tennessee 
Valley Authority. Refers Connolly, 
Howe. 


THOMAS CHARLES MITCHELL, Assoc. M., 

Washington, (Elected June 19, 1922.) 
(Age 42.) With Coast and Geodetic 
Survey, Div. Geodesy. Refers 
Whitney. 


VANCE, ALEXANDER MILTON, Assoc. M., 
Austin, Tex. (Elected Nov. 1906.) (Age 
63.) State Reclamation Engr. Texas. 
Stivers. 


WILLSON, CLARENCE ARDRY, Assoc. M., 
Madison, Wis. March 15, 1926.) 
(Age 35.) Structural Engr. for State Archi- 
tect Wisconsin. Refers Dawson, 
Hagan, Ward. 


WINKLER, EDWARD RUDOLPH, 
Assoc. M., Baltimore, Md. Junior 
Feb. 25, Assoc. Nov. 14, 1927.) 
Berry, 


BLONDIN, JOHN RALPH, Jun., New Or- 
leans, La. (Elected Oct. 1928.) (Age 82.) 
Asst. Engr. Mississippi River Bridge, 
Woodruff. 


BROWNELL, CLARENCE JOHN, 
Albany, Cal. (Elected March 15, 1926.) 
(Age 32.) Associate Bridge Constr. 
San Francisco-Oakland Bay Bridge. Refers 
Warren, Wood. 


deK. Smith, Jr., Wilson. 


DESAI Jun., 
Caleutta, India. (Elected March 1928.) 
Age 31.) Designer and Estimator, Braith- 
waite Co., India, Ltd., Engrs. and Contrs. 
U.S. Jayaswal. (Applies accordance with 
Sec. Art. the By-Laws.) 


DUFFY, WILLIAM BERNARD, Jun., North 
Andover, Mass. Nov. 14, 1927.) 
(Age 32.) Supt. Public Works, Town 
North Andover, Mass. Refers 


FAISANT, JOSEPH LEON, Jun., Baltimore, 
Md. (Elected March 14, 1927.) 32.) 
Engr. with Van Rensselaer Saxe, Cons. 


FISHER, JAMES CLARENCE, Jun., Rock- 
ville Centre, (Elected Nov. 26, 1923.) 
(Age 33.) Asst. Div. Engr., New York 
Queens Elec. Light Power Co. Refers 
Squire. 
GRANOFF, DAVID, Jun., 
(Elected Nov. 14, 1927.) (Age Jun. 
Civ. Engr., Bridge Dept., New York State 
Dept. Public Works. Div. Eng. 


HALLSTROM, IRVING THORELL, Jun., 
Seattle, Wash. (Elected March 1928.) 
(Age 32.) Member firm, Secy. and Engr., 
Hallstrom Gen. Contrs. 


IRWIN, LUTHER WESLEY, Jun., Los An- 
(Elected June (Age 32.) 
Jun. Engr. (High Grade), Metropolitan 
Water Dist. Southern California. Refers 


KESTING, BERNARD GEORGE, Jun., 
Toledo, Ohio. (Elected April (Age 
32.) County urveyor 
Randall 


KLEIN, ALEXANDER, Jun., Berkeley, Cal. 

(Elected Oct. 14, 1930.) (Age 32.) Asst. Re- 
search Engr., Eng. Materials Laboratory, 
Univ. California. Refers Carl- 
Zeitfuchs. 


McCROSKY, THEODORE TREMAIN, 
Yonkers, (Elected Feb. 25, 1924.) 
(Age 32.) Planning Director, City Planning 
Tracy. 


MARRA, JAMES VINCENT, Jun., New York 
City. (Elected Oct. 14, 1929.) (Age 29.) 
Senior Engr., Works Div., Dept. Public 
Welfare, City New York. Refers 
Ludden, Marcus. 


MEADOWCROFT, ALLAN JAMES, Jun., 
Balboa, Canal Zone. (Elected Jan. 18, 1926.) 
(Age 32.) Instructor Eng., Canal Zone 
Jun. Coll., charge Eng. Dept. Refers 


bridge, Warren. 


MENDEZ, ENRIQUE, Jun., Baja, 
Puerto Rico. (Elected Feb. 10, 1930.) (Age 
Engr., Central Constancia. Refers 
Snell. 


MICHAEL, ARTHUR CHILTON, Jun., De- 
troit, Mich. (Elected June 1928.) (Age 
Field Engr. Constr., Dept. Water 
Stephenson. 


POTTS, CHARLES ARLINGTON, Jun., 
Macon, Mo. (Elected Feb. 24, (Age 
32.) Final Plans Engr., Missouri State 
Highway Dept. Refers Brooks, 
Watkins. 


RHODES, FRED HAROLD, Jr., Jun., 

Seattle, Wash. Oct. 1926.) (Age 

32.) Instructor General, Civil and Struc- 

tural Eng., Univ. Washington. Refers 

yler. 


ROSBERG, EDWARD OSCAR, Jun., San 
Francisco, Cal. (Elected Oct. 14, 1930.) 
(Age 32.) Estimator, Designer and De- 
tailer, Herrick Iron Works, Oakland, Cal. 
Derleth, Jr., Jameyson, Johnson. 
SANCHEZ, MILCIADES, Medellin, 
Colombia. (Elected Dec. 1927.) (Age 
32.) all Public Utilities, City 
Schwarze. 

SCOTT, CLAUDIUS BERNARD, Jun., Ashe- 
ville, (Elected Oct. 1926.) (Age 
32.) Chf. Engr., Dave Steel Co. Refers 
Webb. 

SEAMAN, AYRES CROMWELL, Jun., Am- 
bridge, Pa. Oct. 10, (Age 
29.) Draftsman, American Bridge Co. Re- 


STANLEY, ROBERT TALLMADGE, Jun., 
Portland, Ore. (Elected Oct. 1926.) (Age 
32.) Res. Bridge Engr., Oregon State High- 
way Comm. Refers McCullough, 
VOGHT, WALTER RYAN, Jun., Chicago, 
(Elected July 15, 1929.) (Age 31.) 
Bridge Engr., John Roebling’s Sons Co., 
ern. 


WOOD, LEWIS KEYSER, Jun., Berkeley, 
Cal. (Elected March 14, 1927.) (Age 32.) 
Asst. and Associate Bridge Constr. Engr., 
San Francisco-Oakland Bay Bridge. Refers 


KING CHING, Jun., Shanghai, China. 
(Elected Nov. 14, 1927.) 
ing Engr. and Treas., Cosmos Eng. Co., 
(Applies with Sec. Art. 
the By-Laws.) 


The Board Direction will consider the applications this list not less 
than thirty days after the date issue. 
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(Age 41.) Senior Engr., Upper Mississippi 
Valley Div., Engrs., St. Louis, Mo. 


HEMPLE, HENRY WILLIAM, Assoc. M., 

Age 41.) ‘Chf., Sec. Civ. Works Survey, 
Coast Geodetic Survey. Refers 


HOPKINS, WILLIAM TRENHOLM, Assoc. 
M., Charlotte, (Elected Junior Nov. 
27, 1917; Assoc. April 25, 1921.) (Age 
43.) ‘Chf. Draftsman, Lee Eng. Cor- 
MacCornack, Pfaehler, Wagner, Jr. 

HOYT, CHARLES ROYDEN, Assoc. M., 
Brentwood Heights, West Los Angeles, Cal. 
(Elected April (Age Structural 
Engr., Board Education, Angeles. 


KERR, SAMUEL LOGAN, Assoc. M., Phila- 
delphia, Pa. Junior Jan. 19, 1925; 
Assoc. Nov. 15, 1926.) (Age 35.) Re- 
search Engr., Morris Div., and Water- 
Works Engr., Baldwin-Southwark Corpora- 

MOTTA, ARNALDO ALVES da, Assoc. M., 
Sao Paulo, Brazil. May 25, 1931.) 
(Age 38.) Contr. and Engr. Refers 
Silva Freire, Simoes. 

NEFF, STEWART SMITH, Assoc. M., Buf- 
falo, (Elected April 1922.) (Age 
46.) Structural Engr., Portland Cement 
Association, New York city. Refers 
Van Loan. 

POLLARD, LAWRENCE WELFORD, Assoc. 
M., Florence, Nov. 15, 1926.) 

Age Northeastern Div. Engr., South 
arolina State Highway Dept. Refers 

POWERS, ELLWOOD DENNIS, Assoc. M., 
Newark, (Elected March 14, 1927.) 
(Age 39.) Cons. Engr. Refers 
Shoemaker, Spurr, Van Vleck, 
Woodruff. 

RODIO, GIOVANNI, Assoc. M., Milano, 
Italy. (Elected Dec. 14, 1925.) (Age 46.) 
Cons, Engr., Ing. Giovanni Rodio Co. 


accordance with Sec. Art. the 


By-Laws.) 


BARRETT, BERTON ARTHUR, 
Shanghai, China. (Elected Dec. 1927.) 
Age 29.) Associate Prof. Civ. 
hiao Tung Univ. Refers Ammann, 


BLACKBURN, DUNCAN ARNOLD 
28. esigner, peration 
Div., Water Dept., City Pasadena. 


Mac- 
(Elected June 


FROM THE GRADE JUNIOR 


SHEPARD, RALPH NELSON, Assoc. M., 
South Charleston. Va. (Elected March 15, 
1926.) (Age 45.) Supervisor Constr., 
The Linde Air Products Co., New York 
City: also Engr. Constr. and design for 
Carbide Carbon Chemicals Corporation. 
Knapp, Moss. 


SHOEMAKER, EDWYN LEIBFREED, Assoc. 
M., Philadelphia, Pa. (Elected July 12, 
1926.) (Age 37.) Chf. Engr., Warner Co. 


SIMPSON, HAWLEY STARR, Assoc. M., 
New York City. (Elected Junior March 15, 
1926: Assoc. March 1928.) (Age 35.) 
Research Engr., American Transit Associa- 
Miller, Riggs. 


STONE, NELSON, Assoc. M., Lackawanna, 

(Elected April 1922.) (Age 42.) 

Dist. Mgr., Corporation. 


WALTER GOTTFRID, 
Assoc. M., Knoxville, Tenn. (Elected Junior 
Dec. 1911; Assoc. Oct. 10, 1916.) (Age 
49.) San. Engr., Health Sec., Tennessee 
Valley Authority. Refers Connolly, 

Howe. 


THOMAS CHARLES MITCHELL, Assoc. M., 

Washington, (Elected June 19, 1922.) 
(Age 42.) With Coast and Geodetic 
Survey, Div. Geodesy. Refers 
Whitney. 


VANCE, ALEXANDER MILTON, Assoc. M., 

Austin, Tex. Nov. 1906.) (Age 
63.) State Reclamation Engr. Texas. 
Stivers. 


WILLSON, CLARENCE ARDRY, Assoc. M., 
Madison, Wis. (Elected March 15, 1926.) 
(Age 35.) Structural Engr. for State Archi- 
tect Wisconsin. Refers Dawson, 
Hagan, Ward. 


WINKLER, EDWARD RUDOLPH, Jr., 
Assoc. M., Baltimore, Md. (Elected Junior 
Feb. 25, 1924; Assoc. Nov. 14, 1927.) 
(Age 35.) Rodman, Co. Refers 
deK. Smith, Jr., Wilson. 


BLONDIN, JOHN RALPH, Jun., New Or- 
leans, La. (Elected Oct. 1928.) (Age 32.) 
Asst. Engr. Mississippi River Bridge, 


Woodruff. 
BROWNELL, CLARENCE JOHN, 
Albany, Cal. (Elected March 15, 1926.) 
(Age 32.) Associate Bridge Constr. Engr., 
San Francisco-Oakland Bay Bridge. Refers 

Warren, Wood. 


4 
1 
‘ 
D 
q 
4 i 


DESAI DAHYABHAI, SHIVABHAI, Jun., 
India. (Elected March 1928.) 
Age 31.) Designer and Estimator, Braith- 
waite Co., India, Ltd., Engrs. and 
U.S. Jayaswal. (Applies accordance with 
Sec. Art. the By-Laws.) 

DUFFY, WILLIAM BERNARD, Jun., North 
Andover, Mass. Nov. 14, 1927.) 
(Age 32.) Supt. Public Works, Town 
North Andover, Mass. Refers 


FAISANT, JOSEPH LEON, Jun., Baltimore, 

Md. (Blected March 14, 1927.) 
Engr. with Van Rensselaer Saxe, Cons. 


FISHER, JAMES CLARENCE, Jun., Rock- 
ville Centre, (Elected Nov. 26, 1923.) 
(Age 33.) Asst. Div. Engr., New York 
Queens Elec. Light Power Co. Refers 
Squire. 


GRANOFF, DAVID, Jun., 
(Elected Nov. 14, 1927.) (Age Jun. 
Civ. Engr., Bridge Dept., New York State 
Dept. Public Works, Div. Eng. 
HALLSTROM, IRVING THORELL, Jun., 
Wash. (Elected March 1928.) 
(Age 32.) Member firm, Secy. and Engr., 
Hallstrom Gen. Contrs. 


LUTHER WESLEY, Jun., Los An- 
geles,Cal. (Elected June 9,1930.) (Age 32.) 
Jun. Engr. (High Grade), Metropolitan 
Water Dist. Southern California. Refers 


KESTING, BERNARD GEORGE, Jun., 
Toledo, Ohio. (Elected April (Age 
32.) County Surveyor 
Lucas County. Refers Champe, 
Randall 


KLEIN, ALEXANDER, Jun., Berkeley, Cal. 
(Elected 14, (Age 32.) Asst. Re- 
search Engr., Eng. Materials Laboratory, 
Univ. California. Refers Carl- 
Zeitfuchs. 


THEODORE TREMAIN, Jun., 
Yonkers, (Elected Feb. 25, 1924.) 
(Age 32.) Planning Director, City Planning 
Tracy. 


MARRA, JAMES VINCENT, Jun., New York 

City. (Elected Oct. 14, 1929.) (Age 29.) 
Senior Engr., Works Div., Dept. Public 
Welfare, City New York. Refers 
Ludden, Marcus. 


MEADOWCROFT, ALLAN JAMES, 
Balboa, Canal Zone. (Elected Jan. 18, 1926.) 
(Age Instructor Eng., Canal Zone 
Jun. Coll., charge Eng. Dept. Refers 


bridge, Warren. 

MENDEZ, ENRIQUE, Jun., Baja, 
Puerto Rico. (Elected Feb. 10, 1930.) (Age 
31.) Civ. Engr., Central Constancia. Refers 
Snell. 

MICHAEL, ARTHUR CHILTON, Jun., De- 
troit, Mich. (Elected June 1928.) (Age 
Field Engr. Constr., Dept. Water 
Supply, Detroit, Mich. Refers 


Stephenson. 
POTTS, CHARLES ARLINGTON, Jun., 


Macon, Mo. (Elected Feb. 24, 1931.) (Age 
32.) Final Plans Engr., Missouri State 
Highway Dept. Refers Brooks, 
Watkins. 

RHODES, FRED HAROLD, Jr., Jun., 
Seattle, Wash. Oct. 1926.) (Age 
32.) Instructor General, Civil and Struc- 
tural Eng., Univ. Washington. Refers 
Tyler. 

ROSBERG, EDWARD OSCAR, Jun., San 
Francisco, ‘Cal. (Elected Oct. 14, 1930.) 
(Age 32.) Estimator, Designer and De- 
tailer, Herrick Iron Works, Oakland, Cal. 
Derleth, Jr., Jameyson, Johnson. 


SANCHEZ, MILCIADES, Medellin, 
Colombia. (Elected Dec. 1927.) (Age 
Mgr. all Public Utilities, City 
Schwarze. 

SCOTT, CLAUDIUS BERNARD, Jun., Ashe- 
ville, (Elected Oct. 1926.) (Age 
32.) Chf. Engr., Dave Steel Co. Refers 

ebb. 


SEAMAN, AYRES CROMWELL, Jun., Am- 
bridge, Pa. (Elected Oct. 10, 1927.) (Age 
29.) Draftsman, American Bridge Co. Re- 


STANLEY, ROBERT TALLMADGE, Jun., 
Portland, Ore. (Elected Oct. 1926.) (Age 
32.) Res. Bridge Engr., Oregon State High- 
way Comm. Refers McCullough, 

VOGHT, WALTER RYAN, Jun., Chicago, 
(Elected July 15, 1929.) (Age 31.) 
Bridge John Roebling’s Sons Co., 


Stern. 


WOOD, LEWIS KEYSER, Jun., Berkeley, 
Cal. March 14, 1927.) (Age 32.) 
Asst. and Associate Bridge Constr. Engr., 
San Francisco-Oakland Bay Bridge. Refers 


KING CHING, Jun., Shanghai, China. 

Nov. 14, 1927.) (Age 32.) Design- 
ing Engr. and Treas., Cosmos Eng. Co., 
(Applies accordance with Sec. Art. 
the By-Laws.) 


The Board Direction will consider the applications this list not less 
than thirty days after the date issue. 
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